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PROCEEDINGS 
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THE ROYAL SOCIETY. 


Jnmu(}tf 17 , 1001 

Sii WILLIAM IIUGftlNS, K C B, D C L, Prosident, in the Chair 

A T<iHt of the IVusi'tiU leceived was Ian) on the table, and thanks 
oidered foi them 

The following Tapers wore reatl — 

I “ Total Eclipse of the Sun, .laiiuary ‘22ii(l, 1898 Observations at 

Visiadiug- Tart IV The IViamatic Cameras” By fhr 
Norman Lockyrk, K C B , F K S 

II “ Wave-length Determinations and (lencral Besults obtained from 

a Detailed Examination of Spectia photogiaphcd at the Solar 
Eolipso of Januarj 22, 1898 ” By J EvhRHHRD Conimuni- 
eatod by Dr llAMliAUT, F11S 

HI “ ITio Thopnio-chomiatry of the Alloys of Copper and Zinc ” By 
T J Bakihi. Commiuncated by Trofessor Poyntino, FES 


“ Matlieniabwal roiitnbutioiis to the Theory of Evolution IX.—On 
the riincrpiti of Homotyposis and its Ifelation to Heredity, to 
tlie Yaimhility of the Indnidual, and to that of the Bace 
Part I —Honiotyposis in the VogetaWe Kingdom." By Karl 
Pkabson', FES, with the assistance of Alice Lee, I)Sc, 
EBNtsi' Warren, I) Sc, AIiSes Far, Cicely I) Fawcett, B.Sc , 
and others. Kooeived October 6,—^Eead No\om1jet-4£. 1900 

. (Abstract) 

^1.) If wo take two offspring from the same parental pair, we find a 
certain diversity aiid a certom degree of resemblauce. In the theory 
VQU LXVin. B * 
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of heredity we speak of the degree of rosomblanoe as the fraternal 
correlation, while the intensity of the diversity is measured by the 
standard deviation of the array of offspring due to given parents 
Both correlation and standard deviation me determined for any given 
character Or organ by perfectly definite well-known statistical mothorls 
^ssing from the case of Iw-parental to asexual repnxluction, we may stilj 
detennine the coi relation and vanabilit} of the offspring This ulti¬ 
mately loads us to the measurement of the diversity and likeness of 
the products of pure budding, or, going still one stage further, we 
look, not to the reproduction of new indiMduuls, hut to the profhiction 
of any senes of like organs by an individual Accordingly one reacheii 
the following piohlom —If an individiuil produces a immlier of like 
organs, which so far as wo can ascertain are not differentiated, what is 
the degrees of diversity and of likeness among them ? Such organs 
may 1>g blood-toipuscles, hairs, scales, spc«rmatozoa, ova, buds, loaves, 
flowers, seed-vessels, At, Ac Such organs I term homotypen when 
there is no trace to be found lietwoen one and another of differentiation 
in function The problem which then arises is this.—Is theie a 
greater degree of resemblance betw’oen homotypes from the same 
individual than between homotypes from sepaiate individuals T If fifty 
leaves are gathciod at random from the same tree and fi-om twenty- 
five different trees, shall we be able to determine fiom an examination 
of them what has been their probable source ^ Are homotypes from 
the ludividual only, a laiulom sampling, as U were, of the homotypes of 
the race I 

By the examination of very few soiics from the animal and 
vegetable kingdoms I soon reached the result, that homotypos, like 
brothers, have a certain degree of resemblance and a certain degree 
cA diversity, that undifferentiated hke organs, when produced by the 
same individual, are, like types cast from the same mould, more 
alike than those oast by another mould, but yet not absolutely identi¬ 
cal 1 term this principle of the likeness and diversity of homotypes 
It soon became clear to me that this principle of hfimo- 
typosis is very fundamental in nature It must in some manner 
be the source of heredity It does not, of course, “explain^ 
heredity, but it shows heredity as a phase of a much wider process 
—the production by the individual of a senes of imdifforentia^-hke 
organs with a certain degree of likeness My first few senes 
seemed to show that the homotyp^ijf of the vegetable and ammol 
kingdoms had approximately the same value, and it occurred to me 
fhat we had here the foundation of a very widespread natural law. 
la order to demonstrate its truths however, the homot^poais of a larg^ 
range of characters in a great number of species must be mvestigated, 
and 1 soon found my own unaided efforts wore quite uneqtud to the 
task of collecting, tabulating, and reducing the data* As the 
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material grew, it seemed desirable to separate the vegetable and 
animal kingdoms, and the present paper deals only with the former 
In this field I have had the aid of a number of oompetont helpers To 
collal>oratoTB who have long aided me, like Dr Alice Lee, Mias C D 
Fawcett, and Mr Leslie Bramley Mooio, I have been able to adfd, for 
the pioscnt puipose, Miss Agnes Fty, Dr E Warren, Dr, W R 
Macdonoll, Miss M Barwell and others, who have taken part in the 
labour either of collection, of tneasuioment, or of computation The 
result of this united labour is that twenty-tii o senes, with npvi ard of 
twonty-mne correlation tables, are hero dealt ith * Small in number 
as this may seem, when wo think of the vast variety of the \egetable 
kingdom, it means .m immense amount of ii ork special series, w hich ai e 
m the memoir represented by a page of table and a few lines of 
numencul constants, have often cost one oi other of ns i^ccka of stead} 
work Hence I cannot strongly enough evpross m} gratitude to my 
eo-workers, they ha\c more than e\er comintod me of the great ijn* 
portance of co-oporation for the futuie of scientific research, and the 
desirability, if possible, of organising the labour of isolated seioiitific 
M'orkers I will now indicate the general results m o have reached 
(2 ) The following senes were dealt with (1) to (3) The leaflets of 
the compound loaf of the Ash weio counted in upviards of 300 trees 
from Buckmghanishnc, Dorsetshire, and Monmouthslme The results 
were in good agroomont, and show homotyposis as a racial character of 
considerable constancy (4) to (5) The veins in the loaf of the Spanish 
Chestnut were counted m 100 trees from Buckinghamshire and 100 
trees of mixed character Homotyposis was found to increase with 
heterogeneity of age and locality (fi) The \euj8 were counted in the 
leaves of 100 Beech trees from Buckinghamshire (7) and (8) The 
prickles were counted on the leaves of 100 Holly trees from Somerset¬ 
shire and 100 fiom Dorsetshire This completes the series of homo- 
types for trees The tree results are in fair accordance, when we allow 
for the disturbing factors of environment, age, and {ersonal selection, 
(2) to (13) We next investigated five senes of Poppies, counting the 
stigtnatio bands on the seed-oapsules, Papaver llhceas for three senes, 
from top of Chiltoma, bottom of Chiltorns, and the Qnantocke, Shirley 
Poppies for two senes from Great Hampden and Chelsea. The results 
were again in fahdy reasonable accordance with each other and widk 
for trees, (14) and (15) The segmentation of the seed vessels 
was counted in N^gdla Malm Motuiuhfolta, the homotyp- 

OBIS was found to bo much weakened, but actual differentiation was 
observed between the seed vessels on the main stem and on the side 
shoots of the former, and the 127 plants of the latter had pnncipally 
airiseii by stolons from a single damp, and were not thus entirely in- 
depeniient individuals* (15) Hie members of the whorls were counted 

« Xb the Appendix an additional fifteen ■‘*nes wiU be found * 

B 2 
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in 201 sprays from separate plants of Ay>emlii odomta, it was known 
that these members are differentiated in their origin , the homotyposia 
was found much weakened (17) and (IH) The xon on the fronds 
of 100 Hartstongue ferns and the lolxw on the fronda of 100 
plants of Cctorach woie counted We \»cro told that those charm 
tors are much affecte<l by age of plant and eiiMronroent of iiidi 
Tidual ^ wo found the homolyposw increased voiy sensibly beyond 
the value obtained for trees (10) The veins in tlie tunics of 200 
examples of Allium tepn weio counted (20) The seeds in the pods of 
100 plants erf Bioom from Yorkshire weic counted In an Appendix 
the homotyposia of the seeds m the po<N of legumiuoUH plants is dealt 
with for a number of species The general lesult is that homotypii 
intensity is halved when wu deal i^ilh a chuiactor associated with 
fertilisation 

We then considered two cases in which wo knew the growth factors 
to be very marked Dr £ Wanen nuusurod the length and bicadtb 
of twonty-fi\o loaics of 100 plants oi common ivy (Ilodna Uelu) 
«nd Dr Loo and myself the length and 1)icadth of ten gills ot 107 
Mushrooms (Agnnrns cumpexim) The homoty[»OHOs of the leaf and of 
the gill mltcesm these tw»o cases woie detcnuiiiod, and form senes (21) 
and (22) The homotypic con elation of iho alisulute lengths and 
breadths was also^ound in order to obtain some measure of the csftett 
of different stages of giowth on homotyposia Omitting the last seiics 
4>f absolute measurements subject to giowth, the moan value of the 
twenty-two senes gave the intensity of honU)typic correlation as0 4570 

(3 ) A thooi y of f ratei nal hercdita’ y rose tnbl.inco is given on the basis 
<of the likeness of bi others being duo to houiotyposis in the characters 
of spermatozoa and ova put forth by the same two mdzviduala and 
uniting for the 23 ^gote 8 whence the biothers arise It is found that the 
moan value of finternal correlation ought to be equal to the mean m 
tensity of homotypic correlation We have so fai worked out nineteen 
cases of fratenial correlation in the anin»al kingdom, and their mean 
Toluo « 0 4479, t r, IS sensibly equal to the intensity of homotyposis 
in the vegetable kingdom. It is, theiefore* v cry probable that heredity 
18 but A phase of homotyposis, and that the latter approximates to a 
oertoui value throughout living forms 

The theory involves a certain mean i elation between direct and 
•<sross homotyposis, * e , that the homotyqnc corvelation between char- 
AOteva A and B m a pair of homot^pps h the product of the direct 
homotypic correlation of A and A (or I) and B) and the organic corre¬ 
lation of A end B m the individual Wo had only the absolute 
lengths and breadths of Ivy leaves and Mushroom gills to test thw 
proposition on, and the growth factor is here dominant. The results 
«do not show complete equality, but tins u haidly to be woitdered at 
w\|en we Consider the extraneous influences at work. 
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(4 ) Tho ludividual vaiution in the twenty-two soriea was measured 
and expressefl as u percentage of the racial variation , the results range 
from 77 to 98 per cent, with a mean value of 87 per cent If this 
percentage variation occius withm the individual, it is cleaily idle to 
Hpuak of variation as a result of sexual reproduction It e\ista in full 
intensity when an iinlividiial buds or throws off undifferentiated liko 
organs The blood-ccnpusdes prorluced by a single frog are alino'it as 
vunabic as the blood-corpuscles in tho whole race of frogs Thus, 
varutiou is establnhcd as a prim*iry foatuie of all Mtal production 
whatever 

(5) No relation whateict eouhl be found lietwccn tho intensit}* of 
homot) posis (and ihtrefoic a /w/iou of hercditv) and the degree of 
vanability of tho spcdcs If species aro classihtd in ordoi of variability 
for our twenty-two senes, the mean homoiyposis of the fiist eleven is 
0 4559 and of the last elev cn is 0 4570 No lolation w^hatev cr, as fai as wo 
were able to ]ndge, could lie found between tho simplicity or complexity 
of tho orgunisms dealt w ith and cither their v^anabihtj" or then honiotyp- 
osis Tho Mushroom was (jinto comparable with the Poppy or the 
Spanish Chestnut A\ e conclude, accordmgly, that there is no ovidenco 
at present to show that variation has <lccrcuse(l and heicdity increased 
with the progress of evolution On the contrary, without lading down 
any dogma, wo should consider thc'results obtameckas consibtent with 
vanabilitj and homotyposw being primary factors of the growth of all 
living forms and not tho product of natural selec lion, but factors upon 
which Its effectnencbs oh %mtw has depended If we can show that 
homotypic correlation is as intense in the simplest forms of life as in 
tho most (oroplex, and that mheiitancc flow’^s naturally fioin it, it is 
clear that our view of living forms will be considerably simplified 
llomotyposis is luifortuimtcly obscured by other factois duo to giowth, 
oimroumont, unobseived didorcntiation, or heterogeneity in one or 
anuthor form But tho results of this our first mvostigation in this 
held Boom to support tho view just ovprcssctl, and to mdieato that the 
Principle of HomotyiiosiB (by yjhirh we must again say we mean a 
nummaal appreciauon of the likeness azul diversity among hornotypos) 
Vi a fundamental law of nature, which will enable us to sum up in a 
brief formula a great variety of vital phenomena 
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Total Eclipse of the Sun, Januaiy 22nd, 1898 Observations 
at Vinadrug—Part IV The IVismatic Cameras” By Sir 
Nukman Lockykk, KCB, PKS Bceened I)eeeinlH?r 22, 
1900—Bead January IT, 1901 ' 

(Abstract) 

The report gives full particulars concerning the C’-inch and d-mch 
prismatic cameras i\liich vicre used during the eclipse, and the results 
obtained Twenty-four of the photographs are reproduced A table 
IS gnen indicating the wave-lengths and probable origins of the 
856 lines uhKhba\e been measured 1)etwoen 1) and X 3663 

The invcRtigation shows the probable presence of both arc and 
enhanced lines of calcium, chromium, iron, manganese, nickel, stron 
tium, titanium and possibly cobalt, copper, indium, load, molybde¬ 
num, potassium, and iubi(bum, arc lines of aluminiimi, baumn, carbon, 
magnesium, sodium, scandium and possibly (enum, lanthanum, lithium, 
rhodium, and tantalum, ouhancod iinoB of 'v anadimn, and posmbly of 
bismuth, cmsium, gold, ruthenium, soienium, sihcmm, thallium, tin, 
tungsten, yttrium, zinc, and zirconium Hydiogen, helium, and 
astenum are also ;|grcsent 

No evidence had been found of the presence of antimony, arsenic, 
cadmium, indium, menuiy, osmium, palladium, platinum, silver or 
thorium Furthei investigations of the coronal nngs ha^e led to no 
definite results regarding their origins 


” Wa\ e-length Dotenmnations and Gencial Eesults obtained from 
a Detailed Examuiatiou of Spectra photographed at the Solar 
Eclipse of January 22,1898 ’ By J Evkrsukd Coiinuuiii- 
cated by Dr Kambaut, FRS Received Decembei 12,1900 
—^ReaJ January 17,1901 

(Abstract) 

In this paper the results are given of a detailed study and 
measurement of a senes of spectra photographed at the eclipse of 
1898, witli a glass pnsmatic camera of 2\ inches aperture Ten 
eAposures were made, all yielding ^6oSi negatives, in which the great 
exteiisiou m the ultra-violet is a marked feature 
The first two photographs of the senes were exposed at 20 
seeonds and 10 seconds before totality respectively, and aie imagcff of 
the cusp spectrum They diow the Fraunhofer hues with 
dis^tnoss, although the latter are much loss ditfk ikm in tile 
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Gemral SimAtn obtain^ from 1896 Sp^ra. 

ordinary solar B]> 60 tnun* The linos were measured and identified 
for the purpose of facilitating the reduction of the bnght lino spectra 
obtained dunng totality 

Hpedrum No 3 was exposed for four seconds, beguining two seconds 
before second contact In this the flash spectrum is fully developed, 
and extends from X 3340 to X 6000 The majonty of the bnght 
arcs, including those due to the upper chi*omosphere, extend over 40" 
of the limb, implying a depth of V 3 for the gases composmg this 
layer. The total depth of the chromosphere deduced from the 
hydrogen arcs is 8" 2, and from the cHlcmni arcs 11" 6 There are 
313 measurable luics m this«negative, and the wave-lengths and 
identifications of these are given in Table 1 
Spuctrmi ho 4, exposed for half a second shortly aftei second 
contact, gives the spectinm of the upper chroiuospherc and pru- 
nunences Se\eu of the latter are shown The images are about 
equally dense in calcium radiations, although in hydrogen there is a 
marked vaiiation of intensity between the diflerent prominences. 

A conspicuous feature in the spectrum of tw o of the prominences is 
a baud of continuous spectrum, liegiumng at X 36G8 near the end of 
the hydrogen senes, and extending indefinitely in the ultra violet 
Good measures wore obtained of the images of a small prominence 
at the oentro of the plate, the wave-lengths being given in Table IL 
Spectrum No, 6 —This plate had a long exposure near nud-totahty 
The continuous spectrum of the corona m strongly nuukod, and the 
green caL*oua lino is well shown at position angles 60’ to 78', and 95" 
to 105^, A new corona line is faintly imptesse<l at X 3388 ±, the 
maxima of intensity being at the same position angles as those of the 
green line 

No, 7 shows the re appearing arcs of the flash s})ectrum, 
the exposure ending about four seconds before third contact The 
green corona hue is shown on both east and west hmlis, and there is 
a faint corona lino near 11 The wave-length values of the hues 
measured on this plate are given in Table I 

No 8,—This was exposed almost at the instant of third 
contact, the re-appeanng photosphere showing as fom narrow bands of 
continuous spectrum duo to Baily's beads The flash spectrum arcs 
extend between and across the bands, and can be traced over an arc of 
55% the depth of the layer, m this case exceeding 2" 

focus in this negative is p<^r, and no measures w'ere made > but 
as far as can be judged, comparing this plate and No. 3, the spectra of 
the east and west limbs of the sun are identical 

N^* 9 amf 10*~These are cusp spectra, vezyr similar to 

i and2 
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General B&nulU fhtaxruA frfytn 1898 MAxi^u, Bptcitu 
(rfnmtl Rmlh an^l Conclumms 

The Fla^h S])fdtum —Compinng the wavo-loiigth values of the flash 
spectra given in Table I vnth lioM land’s wave-lengths of the solar 
linos, it IS at once evident that practically all the strong dark solar 
hues are present in the flash as bright hnes^ and all the bright hncB 
in the flash, excepting hydrogen ami helium, coiiuido with <iark lines 
having an intensity gietiter than three on lioM^land’s scale 
The relative intensities of the lines in the two spectni are, howe\er, 
widely different, many conspicuous flash linos coinciding with weak 
solar lines, and some of the strong solar lines being represented by 
weak linos m the flash spectnim 

This, howe\er, applies only to the spectrum taken as u whole 
Selecting the linos of any one olcmont, it is found that the relative 
intensities in the flash spectrum agree closely with those of the same 
element in the solar spccti urn This is jiartieularly well shown in the 
case of the elements iron and tit<miuni 

The want of agreement in the relatn e intensities of the lines of 
different elements in the bright line and daik line speetra is proliably 
due to the unequal heights to which the various elomeuts ascend iti 
the chromosphere, a low-lying gas of gmit density giving strong 
absorption lines, but weak cmissum linos, on account of the excessively 
small angular width of the radiating aica 
The more extensively difiTusod gasi's of small density, on the other 
hand, give strong emission lines in the flash spectrum, and weak 
absorption linos 

The spectrum arcs obtiined with a piismatic camera are not true 
images of the strata pioducmg them, lint ihJftfuUm images more or 
less enlarged bv photographic irradiation Monoehroniatie radiations 
from a layer :3" m depth will produce ans or “lines” which are as 
narrow as cun be defined by instruments of oidinary resolving power. 
The intensities of these images do nut represent the intrinsic 
intensities of the bright lines of the diftcrent elements, the apparent 
intensity of the radiation from an element d<q)ending on the extent of 
diffusion of that clement above the photosphere 
But in the dark line spectrum the inteuBities depend on the total 
quantity of each absorbing gns above the photosphere irrespective of 
the state of diffusion of the different elements. 

The flash specti um as a whole appe^^rs from these results to repre¬ 
sent the upper, more extensively diffu^ portion of a stratum of gas, 
which, by its absorption, gives the Fraunhofer spectrum 
Fifteen elements are recognised with certainty in the flosli speotrum 
(No 3), and five are doubtfully present. The atomic weights of these 
elements in no case exceed 91 All the known metals having atomio 
weights between 20 and 60 seem to be present in the lower 
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spheio, >nxt among these there does not uoem to l>o any relation 
hetwven the atomic weights mid the delations to which the gases 
naceiul in the chromosphere 

The only non-metals found are H, He, C, and possibly Si 
Of the 225 lines measured in the nlti a-violet region of the spectrum 
only 29 remain unidentified ^ 

The Hifdioqen »/n — IVeritv eight hydrogen lines are shown 
in spectrum No 3. The waic-lengths obtained are compmed in 
Table III with the thooretioal values derived fiom Balmcr’s formula 
With the exception of which seems to bo unatcountabl} displaced 
towards the rod, the wave-lengths of the ultia Molet lines are found to 
agree closely with the formula A slight dci nition occurs in the most 
refrangible lines, the positions of which seem to l«s distinctly more 
refrangible than those .wsignetl by theo/ 3 ' 

The eontmuous hpoctrum giicn b;y the prominences m the ultrar 
violet, liegimung at the end of the hydrogen semis, seems Hiialogous to 
»i feature noticed b}'^ Sii William Huggins m the absorption spectia of 
ist type stars, and is pr>ssibly duo to h;^d]ogon 
Htfdtoytn and Ihhnw inihr hneet Vhummyhne —From the (haiactcr 
of some of the helium linos it is inferred that tins element is piob*iblv 
absent from the lowest strata, whilst parhdium appeals to be sepiratcd 
from helium, and to exist at a lowoi level 
Unlike hohiun, hydrogen gives very intense lines ui the flash layer 
Those lines are well defined and narrow, even in the very lowest strata 
Beasons arc given to show that the absence of liydiogcn absorption in 
the ultra-violet, and of helumi alMsorptioii in the visible sjioctrum, may 
be due to insufticicnt quantity of these elements above the photosphere, 
not to equality of tempeiutuie tiOtween the ladiating gas and photo- 
spheno background 

The Corrma — The wave-length of the green line deduced 

from measures of No 3 and No 7 spectra confirms the value obtained 
by 8 tr Nomuin I^ockyer at the same eclipse The only other lines 
shown on these photographs are ut X 3388 and near H 


“ TJie Tliermo-chennstry of the Alloys of Copper and Zme ” By 
T. J. Bakek, BSc, King Edward’s School, Bimungham 
Communicated by Profesw rovNTiNo, F.llS, lieceived 
December 4,1900 —Eead Jauuarj^ 17,1901 

(Abstract) 

Tlio heats of formation of a numlier of alloys of copper and zinc^ 
coiitain]i^ those metals in very diverse proportions, have been 
asoertain^ • 
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The method oonBiets in finding the difference between the heate of 
dwolution^ in BUitable eolventa, of an alloy and of an equal weight of a 
mere mixture containing the metals in the same proportion. 

The first senes of exporimeuts was made with an aqueous solution 
of chlonne as solvent Its application was limited to those all<^^s 
containing less than 40 per cent, of copper, as it was impossible to 
obtain those ncher in coppei in a sufficiently fine state of division to 
enable them to dissolve 

The results, though not altogether satisfactory, showed that the beat 
of dissolution of an alloy was sensibly less than that of the merely 
mixed motalB 

Incidentally it was found that the equation CI 2 Aq 2600 (Thomsen’s 
* Thormocheimsche Uutersuchungen’) is erroneous and, on inquiry, 
Professor Thomsen gave a corrected value, 487Q. The author finds 
Oh Aq - 4970 

The most smtable solvents of the alloys are— 

(a ) Mixture of ammoiuum chlorule and feme chloride solutions 

(b) Mixiurb of ammonium chlondc and cupnc chloride solutionB 

The chemical actions involved are simple reductions, and no gases 

are evolved. 

Two senes of exponmonts made on twanty*ono alloys yielded very 
concordant results They show that heat is evolved in the formation‘s 
of every alloy of copper and sine yet tested 

A sharply defined maximum heat of formation is found in the alloy 
contaiaing 32 per cent of copper, t f , corresponding to the formula 
GuZns It amounts to 52 5 calones per gramma of alloy or 10,143 
calories per gramme-molecule There is some evidence of a sub- 
laaximnm in the alloy nearly corresponding to CuZn 

From these points there is a steady decrease in the heat of formation, 
both in the cose of alloys containing loss than 32 per oent. of copper 
as the amount of copper decreases, and also in the case of those con* 
taming more than 50 per cent, of copper as the quantity of co|}|)efr 
increases 

The results, in general, confirm the existence of intermetaUic com* 
pounds, and the values obtained are in accordance with those demanded 
by Lord KeKui’s calcidation of the molecular dimensions of copper 
and emo. 
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A Chemical Study of the Phosphoric Acid and Potash Contents 
of the Wheat Soils of Broadbalk Field, Bothaiiuted" By 
Bernakd Dyer, D Sc , F I C Communicated by Sii J Henry 
• Gilbert, F E S Keceived November 9,—Bead November 15, 
1900. 

(Alwtract) 

lu the ' Journal of the Chenuca! Society ’ for 1804 (vol 65,'Trans- 
aotiona ’), there appeared a paper by the author, Ou the Analytual 
Botormination of probably available ‘ Mineral' Plant Food in Sods,” 
in which tlie line of a 1 pei cent solution of ntric acid was proposed 
sut a means of approximate differentiation between the total and prob¬ 
ably avaihible phosphoric acid and potash, the method proposed being 
the result of an attempt to mutate, ui the solvent, the acidity of 
root sap, based on a prolimiiiaiy exaimnation of the acidity of 100 
specimens of floweiiiig plants of some twenty natural orders To teat 
the method, it was then applied to samples ot the soils of the vaiious 
barley plots in Hoos Field, Eothamsteil, kindly placctl at the authoi’s 
disposal by the late Sir John Ijawes and Sir Henry Gilbert The 
method, ha\ing yielded results fairly consistent with the greatly vary¬ 
ing mineral history and known fertility of these various soils, has now 
been applied by the author to the uivestigation of the soils of a num¬ 
ber of the Wheat plots of Broadbalk Field, also kmdly placed at his 
disposal by Sir John Lawes and Su* Henty Gilbert on behalf of the 
Lawes Agneultuial Trust Committee Twelve ropiesentabve plots 
were selected, and the samples exanuned mclude not only the surface 
soils to a depth of 9 inches, but also, for each plot, the second and 
third consecutive 9 inches of subsoil The samples were drawn on 
the oompletion of the fiftieth season of coiitmnous wheat growing, 
but earlier sets of samples, of both soils and subsoils, taken m 1866 
and 1881, were also simultaneously examined 
The present paper gives an aocoimt of this wwk. It mcludes a 
summarised history of the manurial treatment and crop yields of each 
plot at the different periods, and gives, for each sample of sml and 
sujiwod—-fifty-one in all—the results of determinatioiu of total pbos- 
phovie acid and of potash soluble in hydrochloric amd; and also of 
phosphoric amd and potash soluble m a 1 per cent. sMurion of mtne 
aotd. ^ 

^Ehe difiGNwnoes between the total* percentages d phoiq|ihonc acid m 
diflteeat aoils, unmanured and variously manured, correi^iHid fahrly 
wsU^ti^ thsir hiotory, but in ^e abaenoeof a knowle^ of sui^ 
hnMry, ythese differsnees would sufSee to give any in^earion of 
pjtelomid difiisrences known to«rist in the phoeidwitie eonditlim 
4nd lurittltj' of the aoik The relative prt^rrions of oitno acid. 
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soluble phosphoric acid, however, appear to afford a sinking index 
to the relative pfaosphntic fertility of the soils In the aulisoils, the 
irregulanties and variations in the natural and original phosphoric acid 
of ^6 subsoils themselves arc such that the total percentage tolls us 
nothing, while the citnc acid results frequently show striking and 
consistent differcuoes, and are also of eonsiderublo interest when 
studied in connection with the problems of root-iango and subsoil- 
feeding, which are discussed in examining the results of the individual 
plots In the surface soils, the average ratio of phosphoric acid, on 
the plots manurcrl with superphosphate and ammonium salts, with and 
without vonous additions of alluilinc salts, to that in plots not manured 
with phosphates for fifty years, was 1 65 1, while the citnc acid 
soluble phosphonc ar^id ratio for the same groups was 6«46 1 On 
the two dunged plots the ratio of total phosphonc acid to that of the 
plots not phosphatically manured is 1 78 * 1 and 1 36 1 respectively, 
while the corresponding ratios for citnc acid soluble phosphonc acid 
are 6 83 1 and 3 91 1 

The proliablo limit denoting phosphatic deficiency for cereals seems 
to be, as deduced from this investigation, between 0*01 per cent and 
0*03 per cent of citnc acid soluble phosphonc acid in the surface soil 
That IS to say, a percentage as low as 0 01 seems to denote an impera¬ 
tive necessity for phosphatic manure, while as much as 0 03 would 
seem to indicate that theie is no such immediate necessity For root- 
crops —^moro espocmlly turnips—the limit would probably be higher 

The results, generally, show that by far the greater proportion of 
unconsuxned manunal phosphonc acid, though originally wateiNsoluble, 
IS accumulated in the surface or first 9 inches, but that in the case of 
dung there is considerable descent into the second and third 9 inches, 
and that, in the case of superphosphate accompaiued by constant 
dressings of potassium, sodium and magnosmm salts without nitrogen 
(full supply and small utilisation), there is evidence of a tangible 
descent into the second and even the third 9 inches In the case of 
the chemically manured plots, not only is the gpreater part of Ute 
calculated accumulation found by analysis lu the surface soil, but a 
large proportion of it is found in a condition in which it dissolves in a 
week solution of citric acid This reagent also enables tts to troew 
qualitatively the descent alluded to in the subsoils Potassium, sodium^ 
and magnesium salts have a distinct inflaence in the retention of the 
phosphoric aad in a less fixed aM presumably more available cotriii* 
tion, the effect uicreamitg as the saline apjdications are greater. 

13ie st^ientbundance of phosphoric acid estmiated to have beau 
supplied m dung for fifty years is less aatisfadtcwily acooUnted lor 
than iA that on the chemically manured plots; and even aikvArtug lov 
dke diSoulty of accurately estimating the pbosidiorio add in the4hn% 
senns probable that there has been a ooneidemiay 
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from the surface soil into the anbeoil than on the chemically manured 
plotSi probably accompanied by fixation of eom^ portion in an unavaiU 
able state 

Strong hydrochlonc acid, as a solvent for potash in soil analysis, is 
shown to be practically useless as a gauge of potash fertility whore 
there is an almndance of total potash in nuneial combination, as sih’* 
catos, See No concordant results are obtauiable except by working 
under the strictest arbitrary conditions, and the results, even wh^ 
concordant, have little moanuig apart from an indepondont knowledge 
of the history of the soil With this knowledge the results are interest¬ 
ing, but in Its alisonco are of little use except m oxtromo cusob 

The results detained l)y citric acid, however, are stnkingly instruc¬ 
tive and consistent To illustrate this, it may lie stated that the ratio 
of the average quantity of hydrochloric acid soluble potash in the sur¬ 
face soil of three potash-dressed plots to the average quantity found in 
seven plots not ilrossed with potash was 1 20 1 The citnc aeid 
soluble potash ratio, however, was 6 75 1 The plots dreRsed with 
dung for fifty years and mac years respectively ga> e, as compared with 
the same seven non potash plots, b} drm hlonc aci<l soluble potash ratios 
of 1 27 1 and 1 23 1, uhilo the citric acid solublo pitash ratios were 
10 67 laud 917 L 

Probably when a soil in the surface depth contains as much as 0 01 
per cent of citric acid soluble potash, the special application of potas¬ 
sium salts IS not needed 

The largest accumulation of unused manurial potash, whether applied 
as dung or as potassium salts, is lu the surface sod, but a large pro¬ 
portion IS also found by citric acid in the second and oven in the third 
9 inches The sulisoil accumulation is most evident in the dunged 
plots, and on the plot which, in addition to potassium salts, has 
received superphosphate with sodium and magnesium sidphates, but 
without nitrogen (abundant supply and small utilisation) Both 
eodium and magnesium salts, in presence of phosphates and nitrogen, 
have exercised a distinct influence m increasing die proportion of citnc 
Add solubld potash in all depths on the plots on which no potash has 
imen applied for fifty years, and which still maiutam a higher yicdd of 
potash in their otopi than that given by the plot with superphosphate 
mod lunmoniiua salts sJone^ though the equivalent of the potash i^ded 
<Mdg^ually has been praetk^y exhausted. Furthermore, sodium and 
xm^piettUBi salts, us^ in o<Hijunqt^n with potassium salts, have caused 
A larger retentitm of potash ui a oitric acid soluble eonditton than when 
fottwh has been aj^lied without them, atthooi^ thA potash yielded in 
^hewipshas been greater under dm influesoe of ^ odier alkahee 
#adedto^ 

* It Is supposed thsi potodt is |nwtfy by die 

^ laud, a^fitainobg, like the Ijsnd^A&Irpi^ 
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portion of cky That this is the case, as compared with sodium salts, 

15 hoyond doubt (sec paper by the late Dr A Voclcker, “ On the Com¬ 
position of tho Waters of Land Drainage,” ‘Journal of the Koyal 
Agntultnral Society of England,* 1874), but the sorics of analyses of 
the Broadbalk subsoils that h.is now been made by means of weak 
citnc acid solution, shows that potash, though “ fixed ” rclatnoly to 
soda, IB far more migratory thjin phosphoric acid, and descends much 
lower into tho subsoil At the same time it appears probable that a 
portion of it posses into a fixed and stable form of combination, from 
which weak citric acid fails to dislodge it 

Tho results yielded by the samples of sod and sulisoil taken from 
the same plots at the different poriodh afford instructive (‘ompansons, 
notwithstanding tho age of the oailier sampdes at the time of their 
examination, which might have been expected to be lesponsiblo for 
eonsiderablo modifications in the condition of the less stable chemical 
compounds contained in them 


In consequence of the death of Her Most Gi acious Majesty Queen 
Victono, which took place on tho 22nd of January, the meetings 
of the Society were suspended, by order of the President, until after 
the funeral of Her late Majestj, which took place on tho 2iid 
February 


Fcbnmy 7, 1901 

Sir WILLIAM HUGGINS, K C B, D C L, President, in the Chair 

Tho President, in moving that a dutiful Address of Condolence 
and Homage ho ilrawn up and presented by the Council of the Society 
to fiis Most Gracious Majesty the King, said_ 

“ Tho crape upon our Mace would lemind us, if indeed wo needed to 
be romuidod, of the sorrow which is uppermost in every heart We 
mourn to-day the greatest Queen the world has known---truly great by 
the supreme example She set, in Her own person, of sustained nobility of 
purpose, and of devotion to duty, and by the mffuonce of Her wise and 
understanding heart, for the worlj^*^ good, upon tho councils trf the 
Empire We mourn more than a great Queen—-a graoious Lady who 
by the brightness of Her domestic virtues, and Her rare power of kindly 
sympathy with Her subjects in all their joys and sorrows, bad m a 
real sense become the Mother of Her Feojdes As Fellows of this 
Society, we mourn further a Sovereign Patron, who by Her enlightened 
epcouregeipent and protection, has made possible through the sivty^ 
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ProMdings and of Papers read 

three years of Her reign^ an * improvemont of nattiral knowledge/ not 
only unprecedented, but even beyond the wildest dreams of the most 
enthusiastic of the Fellows who welcomed Her at Her accession ~«o 
much so, indeed, that Uie ViHanan Age has become sjnonymoiis with 
the Setmiijtc Age 

**But, though dead She yet spoaketh to us through His Gracious 
Majesty the King, Her Son, a Fellow of this Society, whose words 
of yesterday are still in our oat's, * that it would be his constant 
endeavour to walk in Her footsteps* Wo join in most loyal ami 
heartfelt wishes that IIis Majesty may long reign n\oi a united and 
lirosporous Empire^ and that under His fostering caio Science may 
(continue to advance with o\on accolomtod steps *’ 

The motion was seconded by Lord Lister and carried in silence, the 
Fellows present nsttig fioiii then seats 

A List of the Picseiits recei\ed was laid on the table, and thanks 
ordered for them 

The following Fapois weio read — 

The Boiling Point of Liquid Hydrogen, dotcnnined by flydrogcn 
anil Helium Gas Thormonieteis ’* By Piofessoi Dewar, F R S 

** On the Brightness of the Corona of January 23, 1898 Preliminary 
Note By Professor II H Tvr\£B, F R S 

"Preliminary Deteinnnation of the Wave-lengths of the Hydrogen 
Linos, derived fiom Photogmphs taken at Ovar at the Eclipse of 
the Sun, May 28, 1900** By F W Dvson Communicated by 
the Astronomer Royal, F K S 

"Investigations on the Abnormal Outgrowths or Intumosccnces on 
Htbwctis vtiifolmiK, Linn a Study in Expenmontal Plant Patholo- 
logy ” By Miss £ Dale Commuiutatod by Professor Marshal!^ 
Ward. F.R.S 

" On the Proteid Reaction of Adamkiewitr, with Contributions to the 
Chemiatry of Glyoxyhc Acid ” By F G Hoiucins and Sydney 
W Cols, Communicated by Dr Lanoi ey, F R S. 

“ The Integration of the Equations of Propagation of Electric Waves ** 
By Professor Love, F.H S ^ ^ 
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** Further InvestigatianB ou the Abnormal Outgrowths or lutu- 
mescences m Iltbrntm txiifohvH, Lmn a Study in Exporj- 
menial Vlant rutholoffy." B} ELiZABfcTH Balb. Communi¬ 
cated by PiufesBor H M/VitSHAUi Wa« 1 ), F.RR, lleceiveil 
November 22,1900,—Head Febiuaiy 7, 1901 

(Abstract) 

Ibmng the summer of 1899 some preliimnary expenmonts were 
made in order to investigate the conditions determining the formation 
of certain outgrowths of which the stnioturo bad previously boon 
examined * Those outgrowths consist chiefly of greatly enlarged and 
•multiplied epidermal cells, with very thin walls, but the underlying 
parenchyma is often also affected The cells concerned always ho 
immediately around a stoma, so that the guard-cells are lifted up as 
the outgrowth dcvelopes The distnhuUon of the outgrowths is there 
fore dependent upon that of the stoniatu, and the^ are jiathological in 
origin and nature 

This year (1900) further experiments have been undertaken, which 
•confirm and extend the conclusions suggested by the earlier woik, and 
which show that wo have here a clear case of a pathological pheno¬ 
menon brought under contiol 

llie plants used were chiefly lithium nbfdius^ but some obserMi 
tions wei'o also made on Iponm Womlii 

Tlie oxpenmentB were designed to tost the eflFects of moisture and 
light ui inducing the formation of the nitumosconees, but th^ also 
served to show the influence of temperature Most of them were 
made m the open air, os the outgrowths always arise on plants growing 
in a greenhouse ^ 

1 In order to tost the effects of moutaje in the oir and in the soil, 
plants were kept with their shoots in dry or moist air, and their roots 
in dry or damp soil Various combinations of dry or damp air or stnl 
were used, with the result that outgrowths were always formed in 
damp an (provided there was suflEk^ient light and hoat)i whereas damp 
eoil had no effect 

n The effects of hgld were tested by growing plants in white li^t 
of varied intensity, and under glass of different colours Outgrowths 
were developed under clear and whitewashed glass, and uiide^ red 
and yellow glass, but not under blue or green glass, nor ui poor light, 
4Emd never in darkness* 

III Observations as to the influence of temperatore showed that, 

* Dsle, ** On CsHaui Outgrowths (Intmaesoenoes) ou the Grsim Pyirty of 
vUifaiw, Xaiin * Proc. Comb Hiil I9oo„* voJ, 10, P«t 4* 
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givon the other noceasary conditions^ the formation of outgrowths ih 
promoted by heat 

Large outgrowths may bo artifically induced with certainty m about 
two days on a single healthy branch (still attached to the plant)) bv 
isolating It in a damp atmosphere, and exposing it to a strong hght at 
a high temperature 

The following is a brief siimmaiy of the principal experiments and 
conclusions — 

Edecis ot ^loistuie 





18 Abnormal Ottiffrowths or Inturntmenea tn HiWbous vitifoUuB 


Kumber 
ci eipen 
meni. 

9 

10a 

10b 

11 

12a 

12 & 

18 

14 

15a 

135 


Effocts of Light 


Conditions ot 
expenmeut 


IteeuU 


Vour light, no sun.* 

Light passing through 
vellow glass 

Light passing through a 
solution of potassium 
(•hromate 

litgl t passing through red 
glass 

I ight passing through 
mue glass 

Light passing through a 
solution of copper sul 
phate and ammonia 

Light passing thi^ugh 
gresu glass 

Light passing through 
whitewashed glass 

Plant in darhness in a 
greenhouse 

Plant in darkness under a 
xino cylinder m tlie open 


No outgrowths 
formed 
Outgrowths 
formed 

ft ft 


f 

No outgrowths 
formed 

It If 


i» II 

Outgrowths 

formed 

No outgrowths 
formed 

It It 


Bomarks 


I 


Effects of Temperature 

The formation of outirowtlie (prof idod time w adequate moletiuo end light) le 
prouoled by a high temperature 

The couclunoiis drawn from the above exponmeiits are, that the 
outgrowths are formed in a mout atmospheie, provided that there is 
also adequate light and heat 

The immediate ofieot of the damp atmosphere is to check transpira¬ 
tion This, in Its turn, blocking the tissues with water, diaturbs 
the normal course of metabolism, and so leads (when the light and 
heat are sufiloient) to changes m the metabolic activity of the plant, as 
IS shown by the following facts — 

1 The outgi'owths only develop if transpiration is reduced. 

2 The outgrowths are chiefly formed on organs which are actively 

assimilating, e g., under ordinary, red or yellow glass , but only 
if transpiratory activity is lowered they are not farmed m 
the open ' ‘ 

8 They only occur (wfrris panim) m jdanu fa whidi thett is an 
accumulation of starch 

4 They are formed under clear ^ass and under ted and yidloW 
but not under blue or green ^faM,attd fa no ease fa 
darkness. 
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&. Their fomuttiou is Aoeompanied hjr the produotion of oil, vhich ut 
not found in normal leavtw 

6 The presence of this oil suggests that events sunilar to tiiose 

occurring in succulent plants are taking place, vie, reduced 
respiration and the de\ elopment of osmotically active substances 
in excess 

7 It IB therefore probable that the intumescences aie due to the 

local accumulation of osmotically actiie substances, produced 
under the abnormal conditions, viz, reduced tran^uation 
and consequent lack of mineials, while carbohydrates are being 
developed in excess 


“ Tlie luU'gratiuii of th» Ecpiatious of l*n>pagatiuu of Electric 
Waves ” By A E H Lovk, F R S Received December 29, 
1900,—Rend February 7, 1903 

(Alistract) 

The equations of propagation of electric waves, through a dieleetrio 
medium, involve two vectoi quantities, which may be taken to be the 
electric force and the magnetic force, and they express the rate of 
change, per unit of time, of either vector, m terms of the local values 
of the other. Various forms may be given to the equations, notably, 
that mnployed by Larmpr, in which the magnetic force is regarded qs 
a velocity, and the electric force os the corresponding rotation In 
this form there is one fundamental vector, viz., the displacement 
corresponding to the magnetic force, regarded as a velocity, and tius 
diBplaoeinent-vector may, ui turn, bo denved from a vector potentmL 
Every one of the vectors in question is cucmtal, and the several 
components of them satisfy the partial differential equation of wave 
propagation, vu, ^ r being the velocity of radiation 

One way of integrating the equations is to seek parhailar systems 
of fttnotions of the co-ori^ates and the tune, which, bemg subsUtuted 
for the components of the vectors, satisfy the equations, more general 
solutions can be deduced by synthesis of such particular sdutnms. 
Owing to the ourcuiUd ndatiops, certain known solutioas oi the part^ 
differential equai^on of wave propagation are not available, fm* re{«esent- 
tog the compoueBte of the veoton. A very general ifyatom parto 
oiweolndotis, which lure avaiMMe for this purpose, is obtained. Iheee 
peiitietthuf solutioas an exfwessed^m terms of sphenoid harmomos and 
atbittiity fuuctioiu of the tlhis; and diey can be regarded es generali* 
eetima «f otbere, given by iMnb, whicili depend in the eame way upon 
ighbricsJ hamodee,andoontain simple harmonfe functions of the tune* 
% aiesM of thmn, we cab desctlbsltwo typee of sources of dectiio 
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radiation —The Bourcos of one type are gimilar toinfiniteBimal Herttiaii 
vibrators, being related in the same way to an axis, bnt the dependence 
of the emitted radiation on time is arbitrary, the sourcoB of the other 
type are obtained therefrom by interchanging the ii6le^ of the electric 
and magnetic forces 

Another way of integrating the equations is to seek to express the 
values of the vectors, at one place and time, in terms of their values, 
at other places and tunes The model for all investigations of this 
kind is Green's Theoiy of the Potential The mam steps are (1) the- 
determination of particular solutions, which tend to become infinite, in 
definite ways, in the neighbourhood of chosen points, (J) the discovery 
of u theorem of reciprocity, connecting the values, on any chosen} 
surfaces, of two sets of solutions , (3) the determination of the Hbnnting 
form, assumed by the theorem of reciprocity, when the solntions of ono^ 
system have the assigned character of infinity at a given point The- 
result is the expression of the values of the functions of the other 
system, at that point, and at a chosen instant of time, m terms of their 
values, at all points on an arbitrary surface, and at determinate instants 
of time In the present theory, the solutions required for the first stop 
are among those already found, the theorem of reciprocity is obtained 
by a modification of the process by which the ftmdamental equations 
can be deduced from the Action principle , and the limiting form of the 
theorem is found by adapting a process due to KirehhoflT The result 
16 that the radiation which arrives at a (hosen point may be regarded 
as due to a distribution of imagined sources of radiation upon au 
arbitrary closed surface, separating the point from all the actual boiu’cos 
of radiation The imagined sources are of the two types previously 
specified, and the directions of their axes, and the intensities of the 
radiation sent out from them, are determined simply and directly hy 
the values, on the surface, of the vectors involved in the propagation 
of the waves A method for replacing the imagined sources of either 
typo by soui'oes of the other type w indicated The general theorem 
is venfied by choosing, for the arbitrary surface and the point, a sphere 
and Its centre, it then becomes equivalent to Poisson's well-known 
solution of the differential equation of wave propagation in terms of 
initial values The “ law of disturbance in secondary waves,” to which 
the theorem would give nse,» also dotornunod, it is, in essentials^ 
the some as has been found by previous writers 

The general theorem is applied to the problem of the passage of 
radiation through an aperture. WHeri a train of radiation comes to a 
perforated screen, or when oleotno vibrations take {fiaoe in thedielectne 
on one side (the nearer side) of a conducting surface, in which there is 
an aperture, waves are sent out into the medram on the farther side; 
but the aperture also has die effect of generating a system of standltig 
vmves on the nearer side. These systems of waves become^ to a greftt 
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extent, doteminato, if wo combine witb the general dieorem the condi¬ 
tions ol oontmuity of state of the dieleoteic on the two sides of the 
nperture The determination is practically complete when the medium 
<m the nearer side is the dielectric plate of a condenser, in which 
cloctnc vibrations are taking place, and the result can bo apphod to 
determine the rate of decay of the vilnrations due to transference of 
the energy to the external dielectric Hie example of a condenser, 
with concentric spherical conducting surfaces, the outer conducting 
sheet being perforated by a small oircnlar aperture, is woiked out in 
detail, and the results suggest that the mamtenanco of tho vibrations 
depends on the scieeniug action of the outer conductor rather than 
on tho largeness of tho capacity of tho condenser , m fact, the vibra¬ 
tions of tho spherical condenser are much more slowly damped when 
the capacity of tho condenser is small than when it is largo, the outer 
conductor tuid the apoituro remaining the same 


On the Proteid lleaction of Adamkiewicz, with Contributions to 
tho Chemistry of Glyoxyhc Acid" By F Gow'LAKD 
Hoi'KiNS, MA, MB, University Lectuier in Chemical 
Physiology, and Sydney W Coub, BA, Tnmty College. 
(From the Physiological Laboratories, Cambridge ) Commu¬ 
nicated by l)r Lanuley, F R S Ileceived Januaiy 7,—Read 
Februaiy 7.1901 

In 1874 Adamkiowics* described the now familiar reaction whidi 
results in the production of a violet colom when strong sulphuric amd 
18 added to the solution of a proteid in glacial acetic amd Adam- 
hiewioE did not apparently look upon the employment of the aoetio 
aoid 08 introducing anything beyond a certam modification of the 
action of sulphuric acid His ongmol commumoation opens with a 
description of the colour phenomena seen when egg-white is dissolved 
in strong sulphuno acid. and he begins the description of this reac¬ 
tion, since associated with his name, by speaking of “ a special mflnence 
which the presence of glacial acetic acid has i^mn the eokmr of the 
flulphimo amd proteid solutton.” The view has since been generally 
held that the odoured product of the reaction arises entirely from the 
proteid molecule itself, as the ^rteult of an interaction between pre- 
ourion liberated under the influence of the strong amds employed 
V. Udnuuuky t bebeved that the colour change which occurs is, as a 
matter of fact, to bo claased as a furfurol reaction. It u therefore to 
be compared vnth the result of such a procedure oe that of Moluch'e 

• * f fltgst** Amhiv,' 1^74, vd. 9, p. IM. 
t ' Zsltich. f physiol. Ohom.,* 1988, voL 11, p 896. * 
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test, in which jS-naphthnl and sulphiuic acid are added to a proton! 
solution. While in the latter the added naphthol is hold to react with 
{urfurol from the proteid , m the Adamkiewicz reaction both the fur- 
furol and a substance capable of i*eacting with it are supposed to be 
liberated from the proteid molecule Such we bebeve is the prevalent 
view Of late years, the Aclamkiewicr reaction has been much em¬ 
ployed as giving evidence foi tb© presonco of carbohydrate groups in 
certain proteid derivatives, and of its absence from others More than 
one wntcr,* however, has referred to an element of uncertainty in the 
reaction, and it is easy to gather frr)m the literature that this has lioen 
commonly observed t 

In what follows it will be shown that the mochauism of the reaction 
has been wholly misunderstood Proof will l>e given that the use of 
acetic aoid introduces an extraneous and perfectly specific factor into 
the reaction, involving the addition of a substance quite mveessary to 
the formation of the c oloured product This substance, moreover, is 
not acetic acid itself but an impurity, hich, though very generally 
present, is admixed in varying quantity, and is occasionally absent 

T Tlu* to an fmpmtUf tn Acet%e Acid 

We Mere led to pursue the following investigation l>y observing that, 
mth a specimen of acetic acid m use in this laboratory last year, it 
was impossible under any circumstances to obtain the Adamkiewicz 
reaction 

Xo matter Mdiat form of proteid might be employed, when its solu¬ 
tion in this acetic acid was mixed with sulphuric acid, a yellow or 
brown, slightly fluorcacont mixture was all that could be obtained No 
modificaticm in the order of the procedure, or in the proportion of the 
two acids employed, resulted in the production of any trace of red or 
violet colour 

Wo afterwards obtained a number of specimens of acetic acid from 
vanouB makers, and were surprised to find that no small proportion of 
these gave equally negative results, Mobile, of the remainder, some 
yielded a much more intense reaction than others, idtbough employed 
under precisely similar conditions 

Either, therefore, the negative result with particular specimens was 
due tfO tlie presence of some impunty capable of interfering with the 
production of colour, or the reactfoA itself must be due to a sub* 
stance commonly, though not umvereally, present as an inqpuxity in 
aoeUc acid 

We soon obtained evidence that the latter altomatave must he 
oceepted. For we found that whenev^or a of geetfe 

^ • Cf, Hsllibiiiion, * gohiifer’s Tsst Book of Fhyuology/ toI X, p* 4?. 

t tjf Solkowftki,‘geitftch f. pfiyriol 01iem,*vcl XB, pp 
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acid yielding a poaitive reatilt is partially crystallised by freezing, tbe 
power to yield the reaction is diminished in the crystals and increased 
in the mother liquor It is possible indeed, by repeated rociystallisa- 
tion, to obtain glacial acid wholly incapable of gi\mg the roartion 

Much more readily, however, is the reactive sulistance to 1 k5 con- 
tentrated by distillation Any specimen of glacial acetic acid, if dis¬ 
tilled, will yield the whole of any chiomogonic suhstance it may contain 
111 the first runnings Aftoi concontiation to about half bulk—more or 
less accorfliug to the proportion of n^active substance originally present 
—the residue will yield no trace of red or Molcf colour when mixed 
with proteid and aulphuiit acid , while, on the other hand, the distil¬ 
late twice or thnee frsictioiiated }ieWs the ieattion with greatly lu- 
i reosed intensity * 

It IS easy to underMtand, therefore, why different spooimens of acetn 
acid obtained in the niarkot) leld the reaction with different degrees of 
intensity, as this will dcjKsnd upon the stage at which they were col¬ 
lected during distillntion in bulk It is tilso clcai why the toaetiun has 
been looke<l upon by difterent oliscneis as an uuccrtnin one 

The accepted view, tb»at the colour phenomenon is due to the intei 
action of tw'o ehromogcnie groups, both derned from the pioteid 
moloeulo under the action of the mixed sulphunc and acetic acids, is 
certainly erroiieoiis One factor neccasary to the reaction is eui>phed 
by a sulwtanco admixed with the acetic atid That it is in no sense n 
furfuiol reaction is nidicated by the fact that the addition of furfumi 
confers no power of yielding the colour with proteul upon a specimen 
of acetic acid priniously without it, and, on the other hand, when 
furfurol la addeil to acetic acnl containing the chromogenic substance 
m abundance, there is equally a complete absence of the reaction upon 
mixing With strong sulphuric acid 

II yaf^itre of Uk* Salnfaiict if^ajmuthh fm th* Jtwtum 

Our earlier attempts actually to isolate the active substance from 
acetic add by fractional distillation were unsuccessful ; and, having 
regard to the fact that, in a reagent so famihai as acetic acid, no admix¬ 
ture could M'eU have lieeii hitherto overlooked unless the substances were 
present in very small amount, w^e determined to seek first for indirect 
evidence, such as might give at least some indication as to the kind of 
anbstitnoe we had to deal with 

To this end wo set out to ad3 fo acetic acid, previously deprived by 
distfilation of Its chromogemo admixture, various compounds of typied 
constitution, in the hope that wo might find among these some that 
would yield at least an analogous reaction, 

^ IREiki applies te gladal Seid { with dihtto oeidl of lower boiling point, oonoentfa* 
tloa ef the pfpduet by distillatkio is less easy ^ 



24 Messrs F G. Hopkms And S* W. Cole. 

Wholly negative results were obtained with vanows homologous 
fatty acids, with formic, atctic, and propionic aldehydes, with acetone, 
uud with \anoua othoroal acetates and other esters 

But, during this prchminary stage of our investigation, the mterest- 
ing observation was made that formic acid, prepared from pure glycerin 
and pure oxalic and, and used instead of acetic acid under the ordinary 
conditions necessary for the reaction, may yield the colour in a per¬ 
fectly typical manner, the Hpectroseopic alworption of the product 
ohtaiaecl being identical with that seen when acetic acid is used But 
from the formic no less than from acetic acid, the chromogenic sub 
stance may bo distilled off, appearing alwajs m the earlier portions of 
the distillates, and leaving the remamdet of the fonuic acid to yield 
wholly negative results 

This result—the explanation of which becomes cleai in the sequel — 
4 ippoarod to limit somewhat the ground we had to tia\eisc in our 
aearch 

A further and still moie definite limitation came to light whoa we 
found that thp reactive substance in acetic acid is not an impurity of 
wholly extraneous origin, but is a doiuative of acetic acid itself 
When a quantity of acetic .icid wholly free fiom the reactive sub¬ 
stance has stood for a few weeks, a leactum may always bo obtained 
■once more from the oaihest portions of a distillate , and, after stand- 
ing for a mouth oi tw'o, even the bulk inaj^ yield a colour of moderate 
intensity {Cf tnfnt) 

When, again, a pure acetate, and cspocmlly calcium acetate, is 
distille<f with excess of sulphuiic acid, the first runnings always give a 
marked Adamkiewicz reaction, though latci portions give none This 
as true even when the acetate has lieon made by neutralising acid which 
was itself wholly incapable of giving a reaction 

Lastly, among the products of the dry distillation of most acetates 
«mall quantities of a substance aio found which react with proteid in a 
typical manner In the case of calcium acetate the reaction obtainable 
IS a marked one—though, as stated above, the active substwice is 
iiiertainly not acetone—while with an aqueous extract of the products 
of the dry decomposition of mercuric (not mercurous) acetate the 
reaction with proteid is intense 

With such indications as these facts aflonlod, we now fortunately 
elected to experiment with various two-carbon compounds of typical 
structure, such as might conceivably arjwj from acetic acid, by oxidation 
or otherwise 

The first positive evideiieo came to light when w'e set out to prepare 
glyocdUc aldehyde by Fenton's method* As a mere prelumnary 
observation, we oxidised tartaric acid in solution, by means of peroxidd 
of hydrogen in the presence of a little ferrous sulphate, without taking 
^ • ' Joum, Ohem Soo / 18&5, lol 67, p 778, 
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especial caro to keep the mixture at O'*, and without attempting to 
eoparato the dioxynialetc acid formed. A little of the oxidised solution 
was heated direct on the water bath till all evolution of COg had 
^ceased, and then cooled A trace of Witte’s peptone was added to the 
solution, which was free from excess of peroxide, and then strong 
sulphuric acid An intense colour leaotion was obtained exactly 
similar to that seen m a noimal Adamkiewicz reaction when earned 
•out with acetic acid rich in the chromogonic sulistanco The solution 
gave also in the spectroscope an'exactly similar absorption band 

Wo foiuid subsequentl 3 % however, that glycollic aldehyde, isolated, 
either in the syrupy or oiystallme condition,^ and whether in aqueous 
or acetic acid solution, gave no colour reaction under like conditions, 
but yielded only a charred product a hen the sulphilnc acid was added 
Moreover, acetic acid, however rich m the chroniogemc substance, 
never reduces (after neutralising) alkaline copper solutions A reduc¬ 
tion of ammoniacal sihor solutions may be obtained, but noror any 
effect upon Fehhiig’s solution 

Wo came to the conclusion, therefore, that the substance sought 
must be an oxidation product of glycollic aldehyde, and wo now 
found that the latter needs only to he tre^ited by Fenton’s oxidation 
method oamod out at the temperature of the winter hath to give u 
pioduct, which, when free from excess of peroxide, yields m acetic or 
aqueous solution the protoid reaction abiuidantly 

At this time we made another observation of the greatest assistance 
to our inquiry, finding that the chromogonic substance is produced in 
abundance when oxalic acid is reduced in aqueous solution means 
of zinc and sulphuric acid, oi, mote tonveniently, by sodium amalgam 

The reduction need last for a few minutes only, and a little of the 
solution, without further tioatmout, will then lie found to give an 
intense colour with proteid and sulphuric acnl, the product showing 
apectrosoopc appearances identical with those of the ordinary Adam¬ 
kiewicz reaction 

There was now no doubt that a colour reaction, not to bo dis¬ 
tinguished from that of Adamkiewicz, is yielded by a substance Mhich 
18 at onoe an oxidation product of glycollic aldehyde and a reduction 
product of oxalic acid It was difficult to see how this substance could 
be other than glycolbo acid, glyoxyhc acid, or glyoxal. 

Pure glycoUio acid was obtained from Merck. It gave no trace of a 
colour resotion with proteid solutioiMiind sulphuric acid The product 
of its oxidation by Fenton’s method react^, however, in a perfectly 
typical manner, emd Fenton and Jones have found that this product is 
glyoxylie acid. 

The latter was therefore prepared from aloohol by the method of 

* Fenton and Jackson, Ohm Soo/ toI 70, p 670, 1099 We wore 

fadAtodtekCr. Hy Jackson for a supply of the etysfesUme aldehyde « 
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Debus. The ealcium glyoxylate first obtaineil was recrystalhsed 
thnoe A mmute crystal of tlte salt dissolved m water, togethei with 
a little proteid, gave, upon the addition of strong sulphunc acid, a 
vivid colour TOaction not to bo distinguished, spectroscopically or other¬ 
wise, from the reaction of Adamkieaics 
GlyoiTRl, prepared subsequently from the pro^liuts of the sairtc 
Debus oxidation, gave no trace of surh a reaction When glyoxylie 
acid IS added to glacial acetic acid, previously deprived of its chromo- 
genic povrer by distillation, further distillation now yields a distillate 
which reacts typically, and the glyoxylie acid comes over chiuac- 
tensticall}, like the original ohromogemc substance in the earlier 
fractions 


III Uhjoxylvr Atid fnmi Ateitr And 

It now became necessary to ascorUin whether glyo\>lic acnl is, as .i 
matter of fiict, present m such specimens of acetic acid as yield the 
Adamkiewicz icaction 

In seeking for evidence us to this, it wiis necessary to remember that 
exceedingly little glyoxylie acid is neccssaiy the reaction AVith an 
aqueous solution of such strength ms will give no m<n*e than an 
opalescence with phenyl hjdnvaine, the colour loaction with piotoid is 
well marked 

It was found, however, that oxidation with hydrogen peroxide 
confers abundant chromogenic powei upon acetic acid previously giving 
no proteid reaction, and it was our first endeavour to ascertain whether, 
as a result of tins, glyoxylie acid is produced m quantity sufficient for 
its easier identification 

The presence of small quantities of ferrous iron accelerates the 
oxidation, and is, perhaps, essential to it t The process occuis most 
rapidly at lioihng temperature, and proceeds most saiisfactonly when 
the acetic acid is repeatedly distilled with the peroxide The limit of 
the oxidation is in any case soon leaohod Using twenty volumes 
strength, the peroxide is foiuid to bo rapidly destroyed till a volume 
has b^n added about equal to that of the acetic aetd taken, after this 
the reaction liecomes very slow 

Wo proceeded as follows —A litre of glacial acetic acid was mixed 
with an equal hulk of twenty-volume peroxide and some ammonio 
ferrous sulphate added (half a gramme per litre, or loss) The mixture 

• Many Bpooimens of coounoroisl gl/ofal giro the resettmi, but only, as 
have found, when iboy contain gljroxyhe acid i prepantkms of glyoolUo aoid may 
eoDtaia traces of the latter 

t We have fonnd that some specimens of peroxide bnng about Hie oxidation 
vntihovit the adffition of tron; others undoubtedly act much Icm readily, a 
ferrous salt is added While we have been unable to detect the presence of iron 
in the former, so small a quantity appears to aifect the metUm that hr is laifsHile a 
Waee of the metti present as an impurity may account for the dillemoh. 
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WM «lowly distilled nearly to dryness, and the chstiUate returned ami 
again diattlled The second or third distillate usually showed freedom 
from peroxide when tested with chromic acid y if not, distillation was 
repeated 

Ono*tenth of tlie final distillate was set aside, and the remainder^ 
noiitfaliseil uith potash* The still acid portion Isung then mixed with 
the rest, the whole was distilled as low fia possible, avoiding, however, 
any separation of potassium acetate in the retort The distillate 
always gave an ^undarit proteid reaction, and if any trace of free 
peroxide had been left at the previous stage, it always disappeared 
<lurmg the distillation of the partially neutialiscd mixture as just 
described A.imidl trace of free peroxide will mteiiere with the 
protr^ul reaction On adebug phenyl hyfbaznie hydrochloride (without 
acetate) to the distillate thus obtained, a light yellow« piecipitate 
begins to separate almost at once, and after standing it boeomos (on* 
Hiderable in amount, and is crystalline But although, as we wore able 
to show, the hydrazoue of glyoxyhc acid is present in this precipitate, 
It IB mixed with a considerable proportion of a compound much less 
soluble in acetic other and m hot water If the original piecipitate be 
recrystallised from a inimmal quantity of acetic other, the substance 
which separates first consists of perfectly colourless glistening plates, 
which after rocrystalbsing from acetic ether may assume the form of 
rosetted pnsmatic needles These melt sharply at 184“ 

The nature of this substance became clear aftei the publuation of 
certain recent oliservations Clerhiml Ollendorff has shoi^n that 
formic ahlehyde is formed when glycolhc acid is oxidised ivith per¬ 
oxide of hydrogen, and Fenton* calls attention to the fact that gly- 
oxylic acid must m this case be the intermediate product The 
product we obtained from acetic acid was undoubtedly the compound 
of formaldobyde desenbed by Wellington and Tollens t 
A portion repeatedly recrystallised from acetic ether and showing a 
constant meltmg point (184") was analysed 

0 147 gramme gave 27*4 c.c moist N, at 12“, and 758 mm N *- 
22*07 per cent. 

Another prepiuration, recrystallised from a mixture of alcohol and 
toluol, melted at 182—183'' \ of this 
0 211 grunme gave 39 3 c.c. moist N, at 14“, and 758 mm N « 
21*67 pel* cent. • • 

CaXoulftted for 

1 TI. 

22 07 21 87 22 22 

tide l^dmaoEoe can be obtained pure in the above manner with 

^ e iPfjaton, * JouRi Ohsm Soe./ 3900, toI 77, p 1290 

t * Deotich Ohem. Ges* BerUibte,* 1835, vol, 1^8, p 8880. * 
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gteat ease if not more than 4 to 5 grammes of pbenylkydrazine hydro- 
ohlonde have been added to the final distillate obtained after oxidising, 
as above, 1 litre of acetic acid, nearly neutralising the mixture and 
distilling We prefiarod the compound from formaldehyde, and found 
it to agree with our product in every particular 

Fomialdohyde certainly does nut yield the proteid reaction, and its 
formation when acetic acid is treated as described seems to bo in itself 
evidence fur the formation of glyox^lic acid during the process, as it 
IS diiBcult to see how it could arise during the oxidation of ucotio acid 
if not from a prelinunary formation of glyoxyhc acid with subsequent 
loss of carbon dioxide 

But Its formation adds greatly to the difhculty of obtaining pire 
the hydrazono of glyoxyhc acid itself, especially as the precipitate 
produced by^henylhydraziiic undoubtedly contains, in addition to the 
compound of Wellington and Tollons, smaller amounts of the denva 
ti\es described by J W Walker * 

After the nature of this bye-product was recognised we modified our 
procedure b} neglecting the earlier portions of the final distillate 
which contains, of course, the greater {»art of the formaldehyde. 
Phenylhydrazine hydrochloride added to the latter half, or two-thirds, 
of such a distillate yields a precipitate which forms more slowly than 
that obtained when the i^hole is dealt with After twenty-four hours 
It IS usually crystalline and of a yellow colour, growing darker with 
further standing 

We found it easier to obtain a product with a constant melting 
point by rocrystalhsing from hot water rather than from an organic 
sohent, pi*olonged heating with the water being at any stage avoided 
This treatment involves considerable toss, however, and we obtained 
only about 4 decigrammes of the hyclrazonc after oxidising 3 litres of 
acetic acid. This, however, had all the characters of glycucyhc 
hydrazone, and molted sharply at 137 

0 204 gramme gu\o 30 4 c c moist N at IG'' and 750 mm N « 
17 14 per cent. Calculated for CftHsO^Na « 17 07 

When acetic acid has been oxidised as described and the mixture 
partially neutralised and distilled, the distillate, when treated with 
excess of chalk, will yield, after standing and filtering, the reaction for 
glyoxyhc acid described by Terkin and I>uppa, If after treatment 
with chalk a slight excess of calciem hydrate be added, and the mix¬ 
ture concentrated m mcuo to about one-third its ong&nal bulk, this 
reaction with aniline oxalate is obtained in a hig^y oharaoterhitie 
manner 

The methods we have hitherto employed do not yield tike gly<myh& 
ifccid in solutions of sufficient strong to pemit ^ its calcmm mtb 

* • ^Joara Ohem. Soc1896, rol fiS, p, 
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being Beparateil from the associaterl aoetate and isolated in substanoe 
The ease with which the salt dissociates and the volatility of the acid 
with water vapour make concentration of small avail 
The evidence for the formation of glyoxylic acid dunng oxidation 
appears, however, to be conclusive, and it is intorostiiig to note that, 
judging from the gradual development of the roactnni with proteid, 
this oxidation goes on slowly when acetic acid is exposed to air, and 
especially luider the influence of light Ferrous iron undoubtedly 
aecelcratos this, and if acetic acid giving no proteid reaction bo some 
what diluted, and a little ferrous salt added, exposure to diioct sun¬ 
light will confer a rwictn o power in the course of a few hours 

We have not been able to sepaiato the hydruxono in quantity sufli- 
cient for its identificrition from aveiage spceimons of untrccited acetic 
acid, ))Ut it appears equally difficult to do so when small quantities of 
glyoxylic acid, sufficient to confer an av erago chromogenic*power, have 
been added to a specimen previously giving no luaotion 

On one occasion obtained a quantity of glacial acul giving tlie 
reaction with special intensity This acid had crystallised in bulk, and 
we were supplied with drainings from the crystals Se\ on litres were 
fractionally distilled until the chromogonic substance was concen¬ 
trated into about I litre This was nearly neutralised and again dis¬ 
tilled. Phenylbydrazino acetate added to the distillate gave a con¬ 
siderable quantity of crystalline piecipitatc, yellow at first, darkening 
on standing This was obtained before wo had identified glvoxyhc 
acid as the substance sought, and most of the hydi ozone was lost m 
preliminary solubility tests A small quantity was reserved, however, 
and this, recrystallised thrice from hot water, molted sharply at 137** 
The observations we have hitherto made giv e no quantitative indica¬ 
tions of any value In this paper we have been mainly concernoci with 
the endeavour to prove the nature of the active substance in the 
proteid reaction We propose to study the oxidation of acetic acid 
further, and to define if possible the conditions necessary for a maximal 
yield of glyo^grlic acid 


rV. Bermflce m the ColmiT . Sperhomjnc Phmmima 

Adamkiewicz^ observed that the colour produced in the reaction 
varies from red to violet, the blue element increasing with increase in 
the amount of acetic acid employ^ When glyoxylic acid in aqueous 
sohitton is used, unless the solution be very dilute, the colour partakes 
more cf a Idue shade than is usually seen with ordinary specimens of 
aoedd aeid. But after oonoentrating the reactive substance of the 
latter by fractional distillation (lupm) or upon large dilution of the 


* Zee. Kf., pr 1S8. 
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glyostybc acid 8olutu>n, the colours obtainod ^become identical Thu 
spectroscopic absorption is identical whichever reagent is employed. 

When Bulphunc acul is added to a solution of proteid in acotio acid 
wholly free from glyoxylic acid, a conaidemble amount of ohamng 
occurs, and the mixture becomes somewhat fluorescent When, under 
similar circumstances, lezy little glyoxylic acid is present, the reddish 
odour obtained is still associated with fluorescence But, when suffi¬ 
cient of the glyox}lic acid is present, whether in acetic or aqueous 
solution, to combine with the whole of the proteid product conoemed 
in the reaction, there is complete absence of charring and little or no 
fluorescence The solution becomes of a pure violet-blue colour. 

The coloured product of the Adamkiewicz reaction is usually stated 
to show an absorption bund between b and F in the position of the 
urobilin Isind, and Krukonberg described another lietween 1> and E 
tSalkow^ski found the former to bo inconstant, and we are eoiiMnced 
that the latter alone is proper to the real product of the colour reac¬ 
tion the former, when seen, being duo to some accessory eftect of the 
strong acids upon proteids It is ne\ ci seen in the original form of 
the reaction unless the acetic acid employed is greatly defloient in 
mctivc power, and it is not observed with glyoxylic acid. The otbei 
baud IS always present, and is identical after the use of a satisfactory 
specimen of acetic acid and when a solution of glyoxylic acid is used 
The band shrinks rapidly from its more refrangible edge on dilution 
of the solution, its redword edge shifting but little 
The following readings show the correspondence seen aftm employ¬ 
ing acetic ac)cl as obtained in the znarkoi (but with its active substance 
concentrated by distillation) and that seen after the use of glyoxylic 
aoid in aqueous solution* The strengths wore so arranged ths^ liefore 
dilution, the colour of each solution appeared to be of the same 
intensity Witte’s peptone was the pioteid employed to obtain the 
reaction — 

Aoetio acid 

Strong X 480 —X 625 

Diluted with an equal 
volume of sulphunc acid X 425—A 625 
Diluted with thrice its 
volume of sulihunc acid A 530—A 610 

V. Other ofiihs Reactive StA^^ante, “ 

Of the typical two-oarboa compounds—glyoott g^eolbe atdi^ydei 
g^oolhc apidf glyoxali glyoiqrUc acid, and oxa^o 
jildehyd^td (glyoxyUc aoidi HCO.COOH or <^0%kXI0QH)i ^vips 
the Idlest indications of yielding a colomvreaeUon wkh ptoMd on 
addition of sulphuric acid. It wtmld seem that tlm U not 


Aqueous sljox^lio 
aCid. 

X480U-A690 

X496->.X625 
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eommoa to uldehyde-acub, ob glycuromo acid, HCO(GH.OH) 4 COOH, 
gi\es wholly nogatue reeults Again, a ketouie acid so olosoly related 
to glyoxylic acid as p 3 rTuvic acul, CHa.CO COOH, gives no indioatioo 
of a reaction 

Glyoxylic acid stands, of course, alone lu contaunng the aldohydic 
and carboxylic groups in 3UXta])08itioii Our observations are far 
fiom l)emg toniplete efiough to enable us to assert that a reaction with 
piotenl of the specnil type undat consideration depends essentially 
u|)on this partK idar stnicture But the prelinunary oljsorvations we 
have made tend to give some proliabibty to this view. At least it 
itiHV said that hitherto we hav'^e never obtained a reaction except 
with produots in w^hith either glyoxylic acid has lieen shown to be 
piesent, or in which its presence is oxtiomely pro}>ablo 

For instance, we have found that mcsoxalio acid (prepared from 
l^num alloxanato) in ^iqueous solution gives with proteid and sul¬ 
phuric acid a perfectly typical Adamkiewicz reaction, but under the 
conditions employed w have found that a portion at least of the 
mcaoxaltc acid present loses cai bon dioxide, so that it is m the highest 
degree proliable that glyoxylic acid is in this case also the substance 
which reacts 

Pyimvtc ami gives, as wo have said, no trace of a reaction, hut the 
proiluct of Its oxidation by j>eioxide of hydiogon undoubtedly reacts. 
Paralafht aridy itself inactive, yields also an active product on oxida¬ 
tion by Fenton’s method at the temperatuie of the water bath These 
two cases go togetiiei, as Fenton and Jones have shown that lactic amd 
yields pyruvic acid when oxidised at O'" in the presence of ferrous iron 
It seems extremely proliablo that the oxidation of the pyruvic aad at 
the higher temperature 3uelds moaoxahe acid, and that the reaction 
obtained is theixifure due m each case to glyoxylic acid 

One abundant source of a reactive substance is found in the oxida¬ 
tion of glymtn by Fenton’s method, carried out at the temperature of 
the water bath. Glgcmc acui yields the sulistanco under like condi¬ 
tions , and, as Fenton and Jones* have shown that glyoenc acid, when 
the oxidation is earned out in the cold, gives a product which is almost 
certainly either hydroxy-pyruvio acid or the tautomeric substance 
dihydroxyacryhc acid, the facts here quite profiably fall into line with 
those just enumerated The substance which reacts with proteid is 
only obtained in quantity in those cases when the oxidation is carried 
out at higher temperatures than those used by Fonton, and if the 
oxidised products are distilled, V u always found that the distillate 
gives the reaoliou. 

' When d^aime solutions are boded with peroxide in the presonoe of 
fenwiBS^to a sulistance is formed, volatile with steam, which yields 


• * Joum. Chsm Sos /1?00, vol. 77, p 72, 
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tho protoid reaction abundantly Preliminary obBervations that we 
have made leave little doubt that this is glyoxyhc acid itself 

If it should prove that the reaction is, as a matter of fact, pecubar 
to glyoxyhc acid, it certainly forms a very delicate tost fur tliat 
subatanc^ 

VI Ghjoyylvc Atul Solvivjm a iVactoZ Tf^l fof Pioteids, 

By replacing tho acetic acid of the Adamkiewicz leaotion by weak 
aqueous solutions of glyoxyhc acid a ^ery beautiful and rehablo tost 
for proteids is obtained Tho colour leaction is brilliant, and tho test 
IS, of course, subject to none of the uncertainty insoptiiablc fiom tho 
use of acetic acid * 

In preparing sucli a test solution, there is usually no need to separate 
the glyoxyhc acid from associated products Excellent test solutions 
may be made by oxidising upon the water bath, in the presence of 
small quantities of ferrous iron, either weak solutions of tai taric ncid 
or mixtures of glycerin and water, groat c^aro lieing taken to ensure 
that no trace of fioe peroxide romiuns at tho close of the operation. 
But we strongly lecommend the use of reduced oxalic acid for the pur¬ 
pose, as a solution can bo prepared with gieat ease, and almost without 
regard to conditions In a moderately strong solution of oxalic acid a 
few lumps of sodium amalgam are placed, the amount taken of tho 
latter being loss than sufticient to neutralise the acid When the 
evolution of hydrogen has ceased, tho solution is poured off from the 
mercury and filtered. It will bo found, even after large dilution, to 
yield an intense reaction with proteids if used instead of acetic acid 
under the familiar conditions of the Adamkiewicz tost The protoid^ 
or the proteid solution to be tested, should be first added to the 
reagent, and then strong sulphuric acid poured down the side of the 
test-tube. The reaction may be first oliserved at tho junction of the 
firnds and the latter subsequently mixed At least one-third volume 
of sulphuric acid should ho used, but the quantity may bo almost 
indefinitely increased There is no tendency to charring. 


* It II certainly rare to find a epeoimen of occtio acid which yields no metion, 
though maqy contain too little glyozylto acid to giro a latiefaetory ecdour It 
eeeitts to ho pomble, howorer, that thcr^lpiro been caaea of a pioteid dormtivo 
being found to yield no Ada^iewics reaetioni in which the negative foealt wu 
mUe due to tho aoeUo aad employed. We have, for initanee, prepared and 
eamally purified the primary albumoiai from Witta'a peptone by the method of 
^ P Piok (* Zeiteoh. f pbyiaol Chem1899, vol. 28, p 219) tTi^kethii ohearver^ 
we have found these products to yield a marked Adamkiriries motieni and wrih 
an reserve, we venture to ntggest that the acetic aeid emi^ed by Pick at thU 
at age of hie observationa maar have ohonoed to be free from obrnnegenio pfifrfir. 
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Sommi V 

Tht) proteid lenctioii deacnberl by A<iHnikiomcz i» not a ftirfurol 
lOHction, but depends upon the presence of small quantities of an 
impurity in the acetic acid employ ed Some sjiocimeiis of fcetie acid 
yieltl no reartion, and all may l>e depi ivod of chromc^mc power by 
(listillation 

The substance essential to the roactiou is glyoxylic acid 
Small quantities of glyoxylic acid are produced during the oxidation 
ot acetic acid by hydrogen-peroxide in the presence of ferrous iron 
Tbidm the conditions used in this lesearch, jiait of the glyoxylic acid 
thuH formed is split up, yielding formaldehyde 
(Uyoxylic acid is slowly formed when acetu acid stands in the air, 
and nioieiapidly in the presence of feiious iron and under the influence 
of direct Hunbght Most specimens of acetic acid contain small 
amounts ot glyoxylic acid as an admixtuic 

A dilute aqueous solution of gljoxyhe acid, which ma} be readily 
piopaied by the reduction of oxalic acid with sodium amalgam, forms 
an tvdmirablo tost foi proteids when used instead of acetic acnl under 
the ordinary conchtions of the Adamkiew icr tost 

111 carrying out this investigcitiou w^e !n\e boon led to employ 
extensively the method of oxidation dosciibeil by II J H Fenton, 
and as a result we ha\o m some degree trenche<l ufion the sj'Stematic 
stud> of the oxidation of orgamc acids w^hich he has in hand It is 
w'lth his consent that such of our observations are published 
The expenses of the research were met b} a grant awarded to one of 
us by the t4ovoniment Grant Committee of the Koval Societj' 


“ Frelinunary Determination of the Waie-leiigtbs of the Hydrogen 
Lines, denved from Photogiaphs taken at Ovar at the 
Eclipse of the Sun, 1900, May 28 ” lly F W D\sox, M A., 
Sec li.AS CommunicatcHl bj W H M Chbibtik, CB, 
M,A, F R S Received Jauuai} 17,—Read February 7,1901 

The spectrum of the flash" obtained in observations of solar 
eeltpses furnishes a method of determimng the wave-lengths of the 
hydrogen series with great accuracy, as these lines are strongly shown 
and sharply defined. As the determination of these wave-lengths is 
somewhat removed from the general subject of eclipse introscopy, it 
seemed suitable for a separate paper. 

The following determination is made from four photc^aphs taken 
near the beginmng of totality at Ovan at the eclipse of 1900, May 23, 

VOJ« Lxvin D 
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Mr F W Dyson 

m the e:q>edmon from the Itoynl Observatory, Greenwich Tie sp^ 
troBCope used w a foiir-pnsm quart* spectroscope, Inndly lent hy 
C apt wff yfdln The length of the spectrum from A (X 4102) to the 
hmit of the hydrogen senes (X3640) is 40 mm, so that the scale is 
alxnit 10 tenth-metres to the millimetre 

The spectra weie measured with one of the astrographic micio- 
meters of the lioyal Observatory (a imcrometor originally designed for 
measuring the photographs taken at the transit of Venus) by com- 
pansoii with a glass scale divided to raillimotres The errors of the 
5 -mm divisions have been .iccuiately determined in the course of 
investigatioiis of the enors of the r^seaux used in the photographic 
chart of the heavens The errors of the intermediato divisions wore 
determined by Mr Davidson The value of one revolution of the 
screw of the nucrometei is appi oxiroatoly \ mm 
‘ The wave-lengths ncie deduced from the measures hy an interpola- 
tioii formula, derived pnncipallv from the following Imos, whose wave 
lengths aie taken from Kowland’s tables •— 


Ca 

IDCK CJ5 

Ti 

. .3761 464 

Ca 

.1933 >125 

Ti 

. 3769 447 

'Fi 

3913 609 

CrTi 

.3767 824 

Ti 

.1900 681 

Ti 

3741 791 

Mg 

3838 436 

TiFe . 

3722 729 

Mg 

3832 460 

Y 

3710 431 

Mg 

3829 501 

Ti 

3686 .339 

Y 

.. 3788 8.39 

FcTi . 

3669 901 

Y 

3774 473 




These lines are the stiongust lines in this part of the “flash” spec* 
tmm In some of the phutogiaphs a immbor of the strongest iron 
lines were also used as linos of reference On the photographs taken a 
few seconds before the eclipse liocame total the iron bnes are unsuit¬ 
able as lines of reference, as ni some cases lioth a bright line and an 
absorption line are seen, and in other cases tiie bnes have a grey 
appearance, and are not sharp and olear hke the lines given above. 

The wave-length ot h is only derived from one photograph, and is 
not determined accurately Tlie value ohtaiued agrees with the result 
given by Mr. Wnght,* in showing a correction 01 of a tentiMnetco 
to the value given by Rowland 

The intensities of the hnoa are givn somewhat rong^y. With the 
exceptoni of the cases noted where othm* lines iqpparentdy inteilete, the 
chniinutioii of intensity is sensibly unifwm. 

A. eomparuou has been ma^ with the travedsagthB given by 

Ihdmer’s law, usmg the formula X « 3643*110 owwta^t of 

4 * < Xstro^ Jenmv«}, 9^ 
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vluch Hgree» very ulosely with the wave-lengths of the throe hties 
H«, Hfit Hy given by llowlaud No correction to the fomula has 
been deduoedi os oidy a small one is indicated, and it is desirable to 
use a larger numliur of hues of reference than has been employed in 
this investigatioTj The wave-lengths were determined from each Horics 
of measures seimrately, and from the accorriance of these the probable 
errors of the resulting deterniniation of wave-lengths he iKituceii 
±0 01 and ±0 02 of a tenth-metre for the different lines 
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“On the Bughtnei»8 of the CWona of January 22.1898 Pre- 
hininat} Note' By H H Titknkk, D Sc , F.R S„ SaviUan 
Profe»soi Recm ed January 18,—Read Februarj 7,1901 

1 Ill a former note^ I gave some aecount of measuree of bnghtrioHS 
made on phologriipli^ of the corona of 1893 by Abneymethod The 
aanie method has been u^^ed on the coronal photographs taken in 1898 
and in 1900 (in 1890 none were obtained omng to cloud), and a large 
numlier of measures have boon iniulc, though the work is not yet 
complete Pending the completion and publication of tins work, it 
seems advisable to publish the present note, as one oi two losults 
have been arnied at vhith may be useful to others m the forthcoming 
eclipse 

2 As regards the method of measiu enient, suihcLeut lias been said 
(fot the present pur|)os(‘) in the papei already quoted It need only 
be added that in place of the revolving soctors a graduated wedge of 
gelatine w as used to diminish the compaiison lieam, according to Sir W 
Abney's more recent methods The wedge oi sectors are more inter- 
uiedianes Initucen the coronal image and the standard squares, and no 
considerations lKs^\ond those of convenience are involved The wedge 
is much more coineiiient, and the Mork can lie done with it twice as 
rapidly 

3 But a new method has been adopted of representing the results^ 
vhieh, though an elementary change in some respects, has had the 
important consequence of suggesting a more satisfactory law for the 
variation of coronal bnghtness with distance fiom the sun The only 
simple law (so fai as I am aware) which has hitherto been formulated 
was that proposed by Professor Harkness in 1878, viz, — 

Bnghtness or (distance from sun's limb)"® 

Visual measures made by Thorpe and Abney in 1886 and 1893 could 
not be reconciled with this law, though I showed m the paper already 
quoted that if the distance be measured from a pomt vnthtn the limit 
(about radius within), the law approximately satisfied the photo¬ 
graphic measures 

I have now l>oen led to a completely new law, viz — 

Brightness oc (distauc^fyom sun’s ernfrr)-®, 

which, though still on trial, u supported by a fair amount of evidence,, 
and the suggestion arose in the following way«_ 

4. The bnghtness cur\o in the previous paper was obtained by 
plotting bnghtness against distance This gives a curve of hyperbolic 

^ ' Roj- Soo PwV vol, es, p 408. 
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fom close to the two axes of lefeienco, and difficult to compare the 
o1>sen^ations with, for reasons which are toleraldy oYivious The curve 
18 HtiU hyperbolic if ]og (brightness) lie plottCMl agiuiist distance , but 
if the brightness varies as any power of the distance, and wo plot log 
(brightness) agauist log (distance), we get a straight line, which is 
particubiily o*isy to compare observations with. The only rhfficulty is 
that we must know where to measure our distance from ^ for if we .uid 
ot subtract a constant to the distance, it will change the straight line 
into a curve. And unfortunately the point h oni \\ hich the distance 
was to 1 k' measured seemed ]ust one of the things to be detei mined 
5 But after some preliminary experiments 1 found that it was not 
difficult to find the pioper ongin from which to locasuie the cbstancc, 
by the very condition that the curve was to Ik* a sti.nght line 
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log 1 / -h « lug i - (oust 


represented by the stiaight line AB in fig 1, we write (i + a) foi r, 
then the caleulated values of log y, when i is laige oomparod with a, 
will be nearly the same as before; but when x is small log (r + a) will 
be moreased, and log y therefore diminished, ami wo get a curve such 
AS CD (If ft bo negative, we got a curve such .is EF ) And r very 
few tnals (perhaps one t^ne suffices) give the value of a, which will 
etrai^teii the curve 

6 These values immediately pointed to tlie siui's centre as the 
proper on^n for measurement^ and when the observations wetu 
{dotted on this assumption, the*dlirve was praotically a straight line, 
and the slope of this line indicated that the index n was 0, giving the 
law already stated, vis, *— 

Brightness tc (distance from sun^s ccnti^)~*\ 

7. Bat one further point is to bo noted. The curve was pracucally 
for some distonee from the limb, but fbon always turned 
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upwanU hk« the curve GH in fig 2 Now comparing this with Cl> m 
fig 1, It auggostB that jiwt as CD could he explained by the addition 
of a constant to the which made a variable alteration in the 

log iUbUikc, bo CtH ma\ be evpiauied bx the aildition of a constant U> 


Fio 2 



the making a xaiiable alteration m the log bnghtness And 

them lb ti poBSiblo ph^Hual cause foi this couBtant addition, \\z , the 
general sky illumiiution oi glare a Inch is added to the coional bnght« 
ness. A value of about 0*012 of the avetage bnghtiioss of the full 
moon for this illumination seems to satisfy requnements for the 1898 
]diotographs 

8 I piocoed to gixe a bnef summary of the moasuies on the photo¬ 
graphs of 1898 HU far hb they have gone 

Font •photographs have been selected for measurement, three of 
thorn taken by me at Sahdol xnth exiKwums of 1 sec , 2 secs and 20 secs, 
and one taken by Cnpt Ilills at Pulgaon uith exposure 8 secs. On 
these, measures hux^e been nuide along six ladn extending approximately 
N , , E., W , N E, and S W, the last two lamig as nearly as possible 

in the direction of the mam streamers 

9 The exposures given to the standuid squares were cdl the same. 
These squares transmit fractions of the light ranguig from 0 to 4 on a 
scale of powers of 2, a range which might be extended with advantage, 
seeing that measures on the corona can lie profitably made over a range 
of 0 to 7 at least. But the smallness of the range is made up txff m 
practice by the measurement of photographs with different exposures. 
Thus the longer exposures of 20 secs and 8 secs, in the almvo senes 
c<ttitrol the faiater parts of the corona, and the shorter of 1 sec, and 
2 secs, control the bnghter parts near«tho hmb. 

10* In companng the results from the different plates, it is found 
that the brii^tnesses shown by one plate differ from those shown 1^ 
another m a constant mho. Since the log (brij^tness) is tabulated 
this means a constant Affermee between luimbers for the two 
{dates. Followuig Sir W Abney’s practice, 1 have used the bm 3 for 
the k^nthms of bnghtness, and recorded to 0*1, wliicb repiMante .* 
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ratio of 2^^ ^ 1*07 (The logarithms of distance hu\e lieeu taken to 
base 10 in the ordinairy way ) These difibrences between the plates may 
be duo to any combination of the following catises — 

(n ) Accidental error in exposure to corona The exposures were 
made without any mechanism, and the short ones especially may be 
sensibly in orroi Thus the difference between the 1 sec and 20 secs 
exposure is 0 b If the whole of tins l>o due to accidental orroi in the 
1 see exposure, it would moiin that the exposure was for 1 set x 2“®^ 
0 58 sec instead of for 1 Osec, which is not an evtraiagant suppo 
sUion 

(/>.) Accidental enui in exjKisutt to squaies This should bo much 
smaller than (n.). 

(r) Difference in sensitiveness of the film neai the edge of the plate 
wheie the squares are impressed, and in the lentie where the coruna is 
impresssed There is independent e^*ldence of sensible diflerein es of 
this kind, and the point is under iin estigation 

(il ) Difforenc*e8 in the liehanoui of the candle w hich impresHod the 
squares on the \anous plates 
(e) Climatic differences between Hahdol atul l^iigaoii 
11 It becomes necessary to decide which plate to take as the 
standard Cause (ft ) ought not to affect the 8 secs and 20 secs appre¬ 
ciably, but cause {f ) may They diffei by 0 5, and we may perhaps 
take the mean The corrections to lie applioil to the plates are then 


PiHte 

I 

II 

III 

IV 

EjqxMiue 

1 sec 

2 «,t 

8 861 

20 sec 

Place 

Sahdol 

Sahdol 

Pulgtton 

Sahdol 

Correction 

+0 6 

-0 2 

+0 i 

-0 2 


If any other selection is prefeiTed, it is easily apphcable as a con¬ 
stant to the final numbers. 

12 The correction for constant illuraiimtion of the plate due to sky- 
glm has been adopted as 2*^®^ moon, taking the moon as equal to 0'02 
of a candle at 1 foot If lO; any point the corona has a brightness 
represented by x, meaning 2* x moon, then the brightness measured on 
the plate will appear as y where 

2 * + 2 -^^ 2 '' 

A table was formed giving v m terms of u:, of which the following is 
a portion — 



Dr H H Tomer On. tht 


JT. 

Corrt'ution 
tso JC 


-2 0 

0 0 

-2 0 

-3 0 

H 0 1 

-2 9 

-4 0 

+ 0 2 

-.18 

-50 

40 + 

-4 6 

-6 0 

4-0 8 

-5 2 

* 7 0 

+ 1 ^ 

-5 7 

-8 0 

+ 2 0 

-6 0 


13. The mejisures on the phitob ^^urc then con ected— 

(a ) Foi the p/uticuhii plnte, lis in § 10, 

(ft) Foi the liky-glarc, an m § 11, 

and comparefl with the an \o 

^nf^Illne■^h k (ibbUnceV' A 

to get the \alitc of the (onsUnt A for each of the six nuhi measured 
As above explwned, the cui\e used wjis a straight Une, obtained by 
plotting log bnghtness as oidiiiato <iiid log distance as aTiseissa llie 
constants found for the sn imhi wore as follows—adopting as luut of 
hnghtness that of the moon (assumed 0 02 candle at I foot), and of 
chfltaiioe that of the riui\ nKliiiH, so that tile constants represent the 
bnghtuess of the toioua at the sun’s limb cxjiresned in moons •— 

Bsdias !ff \ E K ^ 8 W W Hean 

A= +04 +1 9 +1 7 00 +23 +06 +1 15 

Thus at the sun’s limb the coiona is mote than twice as bnght us the 
full moon on the average 

14 Finally I the individual measuies were compaml wuth the adopted 
law, with the following lesults In the column '^Typical Curve ’* the 
cajculateil brightness is given for A » + 0 6, the actual figures for the 
diflferent streamers differing from this throughout by coimtants which 
are easily inferred from the \alueH of A gj\en above 
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Talde I -^Coznpnnson of Ohmonecl Viigfatneafi (Photographic) of 18t}8 
Corona with the Law 

Bnghtnesft x (diBtonre from Sun's centre)® » constant 

(The distaucoB were measured in ilnisiona of 13 to the Sun’s nuhus 
The brightnesses arc expressed by po>l^er8 of 2, zero representing 
Moon's brightness) 


Diitsnce 
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Sin/M 
of*ntpe 
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lypical * 

ot corona j 
alone ^ 
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1 wibh 
! “glare” , 
flflded 
' 1 
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% NB 

error of formula 

K S SW j 

1 

1 ^ 

1 08 

■r 0 1 

1 +0 1 

__ 

i 

1 T 

j 

+0 fi 

1 

-0 1 

+ 0 7 

1 

i 

'+0 4 

1 15 

- 0 4 

-0 4 

! 1 

+ 0 «> 

-0 1 

0 0 

+ 0 4 

-0 7 

+ 0 4 

1 28 

- 1*0 

-1 0 

1 

+0 a 

.— 

-0 1 

+ 0 2 

-0 4 

' 0-0 

1 81 

- 1 6 

-1 5 

1 

+ 0 6 

+ 0 1 

+ 0 2 

-0 2 

-0 8 

1 + 0 1 

1 88 

- 2 0 

-2*0 

1 

-0 4 

— 

0 0 

1 0 0 

0 0 

+ 0 1 

1 46 

* 2 5 

-2 4 

\ 

0 0 

+ 0 1 

-0 5 

1+0 3 

-0-1 

1-0 1 

1 61 

^33 

-3 1 

1 

-0 3 

-0 5 

-0 7 

1 —‘ 

, 0 0 

I —. 

1 77 

~ 4 1 

-3 8 

{ 


-0 1 


1 

+ 0 3 

1 -i. 

1 92 

- 4 9 

-4 1 

I 

-- 

-0 1 

— 

I 

+ P i 

( 

1 ai 

- 1 5 ! 

-1 6 

Jl 




i-o 1 

.. 

1 

1 

1 88 


-8 0 

II 
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1 — 

— 

1-0 3 


+ 0 2 

1 46 

- 2 6 

-2 4 

II 

-0 2 



1-0 5 
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11 
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— 
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1 61 
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-0 4 j 
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IT 
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-0 1 
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-0 1 

1*02 

- 4 9 

-4 4 

11 
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1-0 2 1 

+ 0 1 1 


+ 0 1 

— 

2 16 

- 6 8 

-5 1 

11 

+ 0 1 

'-0 3 

! + 0 1 

— 

, + () 2 

— 

2 64 

- 7 2 

-6 8 
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— 

— 

* 

— 

, + 0 3 

' 

1 46 

- 2 6 

-2 4 
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+ 0 1 



1 01 

- 3*3 1 

-3 1 j 
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IV 

+0 1 1 
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— 
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-4 9 
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.. 
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rv 

— ' 

-0 2 

+0 1 


0 0 

+ 0 2 

2 64 

- 7 2 

-6 8 
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-6 1 
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IV 
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15. Conaderiug the UTeguIarity of the coronal fftructure, we cannot 
perkaps MifMaot better agreement with any simple law of brightness 
than fe diown by these redduals; and the assumed law, whether it has 
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any physical Bignificanoe or not, lUt at any rate, a convenient method of 
expresBuig the facta We mav now turn to the measures previously 
given of the 1893 corona,* and soe how they accord with this formula 
On tnal, it is found that a fan accordance can be secured if the con¬ 
stant correction for sky glare be taken as instead of 2 and the 
constants Uw the four radii meftsuied he 

IT S !• W Wean 

1 +0 4 +0 5 +0 1 +0 23 

16 With regard to the stnallei lahie foi Bk;^-glaie, if this dcpeiuls 
on the general bnghtness of the (oionu itself, we may leniark that the 
1893 corona w^as generally famtei accoTthiig to the measures, than tlie 
1808 corona, the moan constant foi the foimer lieing + 0 23, and for 
the latte! + 1 15 The difference in + 0 02, so that the 1898 corona 
WHS aliout t\iice as bright, and heme twue hh bright a sky illumination 
18 not unreasonable 

Table II ---CompanBon of Ol*8or\od llnghtuess (Photographic) ol 
1893 Corona with the Law 

Brightness x (distance fiom Sun’s centre)® = constant 

(The distances are given in units of the Sun’s radius The bright¬ 
nesses are expressed hv ijowers of 2, zero representing the Moon’s 
brightness ) 


Divtancc 

from 

Irnioftl 1 
bri(c]ifcD<.si» I 

With 
** (Slare ** 
added 


Ob»pr\<*d error of formula 

Sun's 
t entre 

of coronu | 
alone 

1 

N 

b 

“ i 


1 1 

+ 0 2 ! 

+ 0 2 

_ 

-0 9 



1 2 

-0-6 1 

-0 6 

-0 1 

-0 4 



1 3 

-1 2 

-1 2 

— 

1 -0 1 

_ 

+ 0*1 

1 4 

-1 ft 1 

-1 9 

+ 0 4 

40 4 

-0 3 

+ 0*8 

X 5 

-2 8 

-2 5 

4-0 8 

+ 0 4 


+0 6 

l 6 

-3t) 

-2 9 

0 0 

4-0 8 



1 r 

-3-« 

-3 6 

-0 1 

1 +0 4 


+0 8 

1*8 

-4 1 

-4 0 

0 0 

-hO 2 

+ 0*5 

+ 0*1 

1 » 

-4 6 

-4 4 

-0 2 

' +0 1 


0*0 

i 2’0 

-5*0 

-4 8 

-0 2 

1 1 

-Jr r 

1 ^ ^ 

—6 -4 

-6 2 

1 -0 2 

-0 2 


- 0-8 

! S 2 

- 6-8 

-5 4 

1 -0 1 

. -0 2 

- 0*2 

- 0*7 

' S 8 

-6 2 

-5 8 

1 -0 3 

-0 8 


0*0 

2*4 

-fl-e 

-6 1 


' -0 1 



1 2 5 

-7 0 

-6 3 


^ 0*0 


To 

2*6 

-7 3 

-6 6 

, +0 3 

1 0-0 

0*0 

+0 1 

2 7 

-7 6 

-6*7 

— 



-0 1 

2-8 

-7 9 

-6 8 

4-0 3 

! -0 1 

« — 



- 8*2 

-7 0 


- 0*1 


+on 

8 0 

-8'fi 

-7*1 

-rO 3 

-0 l 

00 

+0'i 


4 * * Bcy.Soc* Proc„* iroh 06, p. 400^ 
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17 The discrepanoiOK are n^aiti not and aomo of them may >>e 
due to the extrapolation which waa uecessaiy for the bnghtei parts of 
the corona, the standard squares not having 1>een given a long-enough 
exposure (as stated m the formei paper) to compaie with the long 
evposure of 50 secs to the corona Measiues on plates uuth a shorter 
exposure to the corona will i>erhH|is allou of more accurate results near 
the sun’s hmb Unfortunately no plate is available with an exposure 
shorter than 5 secs, but measures on this ))late, so far as they have 
gone, uuheate a closer accoidance with the theoretical formula neai the 
limb Further metisui ea are, how c i ci, reqmrofl 

18 With the assume*! law 

brightness ^ A/"', 

where 9 represents (bstance from the sunV hmb in solai ladu, the total 
hnghtuoss of the coi ona is 

I X 2ir/rf/ - ItA, 

the total bnghtnesB of the full mcKui lionig represented by 

I 2irHli r 
Jo 

Thus the latio of the total brightness to that of the moon i« ^ A* 
In 1898 the value of A was approximately 2* » 2 2, and thus the 

whole corona was about equal to the full moon In 1893 the value of 
A was 2^^® - 12, and the whole corona was thus about 0 6 of the 
full moon 

19 But we have omitted the constant illummatinn of the sky m this 
integral If we include a portion of sky extending to distance K from 
the limb, and B be the value of the constant foi glare,” which ui 
1893 was taken as 2"'^ » 0*0046, and in 1898 was 2"*^^ =» 0 012, then 
we must add to the a1>ove quantities 

1 b[ 2in{ir « B(Il^* - 1) full moon 

It IS not, however, easy to assign a definite >alue to B 

20 The integral brightness of the corona w^us measured m 1893 by 

the late Mr. James Forbes, ]un.,* and found to be 1 I full moon We 
And [0 6 + B (R* 1)] fuB moon 

If the two quantities be equatec^ we get 




B(Il» - 1) « 0 6 

or 


B? m a 5/0*0046 



- 110 

or 


K - 10 5. 


♦ ' nd Tmiw / A, 1896, f *183 
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Thiw, if we suppose that Mi Forbes moasurtvl the total light wjtluii 
a cncular area 5“ in diamotei, which seems a fmr supposition,* the 
two measures of total bnghtiiess agree 

On the same supposition, the value of B (H- -1) in IMOft would bo 

I 3 full moon, and the total brightness of tho corona woxM appear .is 

II + 13=^24 full moon 


StftiUHtfi y * 

(а) The bnghtne-bs of the corona of 1898 at a point distant ? ivom 
tho siui's enUie expiessed in sokr rafln may be approximately repre¬ 
sented by the formula 

bughtneste At ^ + B, 
wheic A «ind B arc ronutants 

(б) Tho first term may be considoied as corona piojior, while B m.iy 

be taken as representing the constant illumination of the sky, or glare 
In 1898 the value of B was 2 « OOli moon, taking tho brightness 

of the moon as 0 02 candle at 1 foot 

(r) The constant A vanes with the ladins along which measures aie 
made In 1898 it vaned from moon to 2'^^ moon, the mean lieing 
2 moon or 2 2 moon 

(</) The same formula will fairly repiesent the 1893 corona, tho 
mean value of A being 2^^ ^ 1 2, and the value of B 2*“'^ =« O-OO+C 

(c) Tho total brightness of the corona depends on the area of sky 
iiicludod. If a circular area 3 in diameter be included, the total 
brightness of the 1893 corona may be taken as 1 1 full moon, agreeing 
with the visual measures made, and that of 1898, on the same supposi¬ 
tion, would be about 2 4 full moon. 


" The Boiling Point of Lk(ui( 1 Hydiogen, detonmned by Hydrogen 
and Helium Gaw Thermometers” By Jambs Dbwab,M.A, 
Ui I), F ii S , Professor of Chennatiy at the Boyol Xnstitutiou, 
and Jacksonian Profesaoi, TJuiveisity of Corabndge. He- 
coived January 8,—Retul Febiuary 7,1901 

In a formei pepert it was show^ ^hat a platimim^resistanoe tixenno- 
meter gave for tho boiling point of hydrogen - 238" 4 C., or 84"'6 

• The dunoiuiotts of the hoK ore not given, oi1>her hears oar In previous paper 
to whioU ve ore reforrod, but on p 869 of tho * PbilwK^kal XmiMOtions, 
A, 1889, tUeve is adugram of tho hot,from 'uhioh it would appear that the 
aperture was not greater than 12", judging bjr outside weasurements. 

f *^Oii the Boiling Boint of Liquid Bydrogeb under ISedueecI Brouittra’' * BoV. 
Boo Proo/18»8(vol 04,p.227), ^ 
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abfiohitc As this value depended on an empirical law (wrelatuig 
temperature and lesistance, which might break down at such an excep¬ 
tional temperatuie, and was in any case deduced by a large extiapola- 
tion, it became necessary to have recourse to the gas thermometei 

In the present investigation the advantage claimed for the constant 
pressure gus theimometer over the constant volume thermometer is 
ulisent The ofleet of high temperature combined with large increase 
of pressure does not occur in these experiments, whore only very low 
temperatures and a maximum range of pressure of less than one atmo¬ 
sphere u ore encountered At the same time, Tiefore dBspensing uith the 
effect of pressure ujion the cajucity of the reservoir of the thermometer, 
it was carefully estimated and found that it cuulil not affect the ^ olume 
of the ^eser^ oir bj as much as 1/60,000th part This being detonmned, 

A particulai advantage results fiom the use of the constant volume 
form, because in its case it is unnecessary to know the actual volumes of 
the roscrx on, and of the “ outside ” spice It is only necessary to know 
the ratio of these two volumes, and as this ratio appears only in the 
small terms of the calculation, it is not a serious factor m the estimation 
of such low tcmpeiatuicp 

Two constant >olume theiiuonietors (tailed No I and No II) wore 
employed, in each of whuh the volume of the reserioir was almut 
"40 c c , and the ratio of the outside spice to the \ olume of the reservoir 
>vas 1/50 and 1/1 li lespcctncly A figure of the appiratns is given 
herewith, where A is the themiometric bulb covered with a vacuum 
vessel to hold the liquid hydrogen, and bo exhausted when necessary y 
B IS the manometric airungement for adjusting the merouiy at C to 
constant volume, and D is the Imrometer The readings were made 
on a fixed scale 1\> moans of a telescope with cross-wires and level 
attached A similai tolescopo was permanentlj* fixed on the mark to 
which the volume hud to 1)e udjustod Ah the ol>80^^'atlons had to bo 
made quickly, it w as found convenient to use Iwtb telescopes on the 
same massive stand and to road the biiometer placed alongside 
simultaneously 

The formula of i eduction used w^as that given by Chappuis in the 
* Travnux ot Mi^moires du Bureau Intornntioual cles Folds et Mesures,^ 
tom vi, p. 63, namely, 



I h) * C-' * 1; ^ ■ <»• 


wlitere Vo » volnmo of naarvotr at 0* C, 

T» temperaturo Of rewrvoir, nwasured from 0* C, 

tv voftuno of “ outsido ” «pace at the tempentf ore of the room, 

f, temperature the room, 

«, ooe&lent of expaaeioii of the thormometno g»$, 
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exhaust 



j8, ooefRoient of altoration of vdume of raservdr, diie to o1iaw |b ^ 
]>rsMure, 

fi, eoeftcMnt.of expaanon of subatonce of rswmiri 
« Hit, QtiUal prcwure <in tboae experimente tUmjB vtSvsei to t)* C,), 
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Ho + /<y preasuro at temperature Tt aftm'"all corrections have lieen 
mmle 

On putting » 0 HB already explained^ equation (1), by algebraic 
transfornidtion awl without any approximation, waa altered into the 
form 


273 + / + /273 




wheie 


P - P« 

al',r »!• 


in which P(, iukI P repliiLcHuaiwl and < - „ 

Vo(l+fld) 

Tiio ganes used as thcimonietric «u>jstances were hydrogen, o\ygeu, 
hehunt, and lailwiiie acid The valtiea of a. adopted inequation (d) 
were taken from Chappuis’ inemoii, and were 000366354 for the drat 
three, and 000^71634 for carbonic acid The remprocals of these 
coeiBctents are 273 036 and 369 083 The number “273” which 
appears in 8 is so nearly equal to the reciprocal of the former laluc 
for a that it was allowed to remain for the first three gases, 3>nt in 
dealing with carbonic acid it was replaced by 269 083 

In these experiments Ti is always negative, and numencally less than 
273, so that the value of 8 is always greater than unity, nevertbeloss 
it differs from it but slightly, its value being unity when Ti « - 273* C, 
and nsiiig to 1*03 when Ti » 0° C. in the case of thermometer No 1, 
where ir -• 1/50 It may noted that when 6 u neglected Ti is the 
usual value given by Boyle’s law, there is a convenience, therefore, in 
this form of Chappuis’ formula for approximation, because Tj can 
quickly be calculate, and the correcting factor 6 can he applied later » 

desired 

In the first exponment (No 1 of subjoinod Table I) thermometer 
No I was fiUod with electrolytic hydrogen. The initial pressure (the 
pressure at 0* C) was almost three^ghths of an atmoB{diere, and was 
taken low m order to obviate any compbcation from oondensation on 
ihe walls of the reservoir. Two other possible causes might abnormally 
reduce the pressure at very low temperatures, those were polymerisa¬ 
tion and the presence as impurity of sm^ quantities of gaees liquefying 
aibove the boiling point of hydrogen The measuremoit of the density 
of the gas at its boilmg point showed that there was no pdymmsation, 
and further proiff of this was evuiait in tiie constancy of the value of 
the hailing pomt when difihrent initial pressures were taken. To gnanl 
qguhnt the presence of gases with a higher boiling point than hydrogen, 
tht i^eotaolytk hydrogen was allowed to pace eontmuonsly for eighteen 
htmta thro^ the tbermometric bulb before it was seated off. It wns 
larger calculated tiiat an impunty of oiQFgen naoeesaiir to reduce dio 
htfOiiig psmt of hydn^^ by a degree wm^ amomit to 3 per cent, a 
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quantity too large to escape detection Tios eiqpeniaent gave the- 
boiling point of oxygen as - 182*'*2, and that of hydrogen as 
-253“0 

In the second expenment (No 2 ) a new thermometer, No. II, was 
constructed with a much smaller value of ^ and as a further protection 
against the presence of impurities, palladium hydrogen was employed as 
the source of the gas A rod of palladium, weighing about 120 * 
grammes, kindly placed at my disposal by Mr George Matthey, 
F 11 S, was charged with hydrogen in the manner described in my 
paper “ On the Absorption of Hydrogen by Palladium at High Tem¬ 
peratures and Pressures,”^ and giibsequontly used as the source of 
supply to fill the thermometer The initial pressure was slightly less 
than that lu the first experiment, the corresponding results were 
- 182“ 67 and - 253" 37 t 

The new thermometer was hlleil afresh (No 4) with palladium 
hydrogen at an initial pressure lathei less than one atmosphere, and 
gave for the Ixnling point of h}drogen the temperature -262*8 
This result is a confirmation of the absence of polymerisation 

The next stop was to eonipaie these lesnlte with the results of 
similar exponments made upon unothei gas whose lioiling point foil 
within the range of easily determined temperatures, and as a further 
precaution the gas used in the thormoiuotei was the vapour nsing from 
the liquefied gas whose boiling point uas to be determined The gas 
first selected was oxygen (No 6 ), and as an additional condition to be 
noted, the initial pressure was made slightly more than an atmosphere, 
90 that it would be in a Van der Waal*s “ corresponding ” state with the 
hydrogen m the first two experiments, namely, the initial pressure in 
«each case was about 1/60 of the critical pressure The critical praasure 
of oxygen was taken about 51 atmospheres, and that of the hydrogen 
about 18 atmospheres There are good reasons for believing that the 
critical pressure of hydrogen is more likely to be about 11 or 12 atmo* 
spheres In the event of the lower value being eventually found the more 
correct, the effect as between the oxygen thermometer and the hydrogen 
thermometer will be to make the Ijoiling point of hydrogen a httle too 
biThe result obtained from this expenment was to place the boiluig 
point of oxygen at —182* 29, thus corroborating in a smiisfaGtory 
manner the rdiahihty of the method of detenmmug the boibng poini 
of hydrogen. 

The question still Femnined, Hoir ^ar is a gas thermometer to be 
trusted at temperatures in the neighbourhood of the boiling point of 
the gas with which it is filled ? To answer this question the oxygmi 
thenaometer was used to determine the boibng point of liquid etr 
^No 7) in which a gold-^reflastance thermometer was mmultaneoady 
* * Froe« Oh«m 80 c / 1837 

, t Thu thwnaometor gare 99^ 7 lor the boibng point of Wttcsv 
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immeriidd. The gold thennometer had been previoody tested and 
found to give correct indications of temperature down to temperatures 
not only well below the point in question, but lower than those obtain- 
uble by any other metal thermometer In the result the oxygen ther- 
mometor gave 1H9'' 62, and the gold thermometer — 189*' 68, as the 
temperature of that particular sample of air boihng at atmospheric 
pressure 

For another method of compaiison this oxygen thermometer was 
partially dischaigod (No 8) until its initial pressure was nearly the 
«amo as that ui the first hydrogen tbermomoters In this state it gave 
the boiling point of oxygen as -182“ 95, establishing again the reli¬ 
ability of the method All the boiling points of the liquid gases were 
made on samples produced at different times 
As an extreme test of the method, I charged the thermometer No II 
with carbonic acid (No 11) at an initial pressure again a little less than 
one atmosphere, and used it to determine the boihng point of dry COj« 
the result was - 78 ‘ 23, which is the correct value 
Hence it appeals that either a simple or a compound gas at an imtial 
pressure somewhat less than one atmosphere, may be relied on to detei- 
mine tiomperatures down to its own boihng point, in the constant 
volume gas thermometer 

Another thermometnc sul^stance at our disposal, as suitable for 
<letennining the boiling point of hydrogen as hydrogen had been in 
determining that of oxygen and other gases, is helium The early 
expenments of Olssewski and my own later ones showed that pure 
helium IS leas condensible than hydrogen, and that the production of 
liquid or sohd products by cooling Bath faelmm to the temperatures of 
lioilmg and solid hydrogen vras only partial, and resulted from the 
presence of other gases undefined at the time the experiments were 
made The mcKlo of separating the helium from the gases given oS by 
the King’s Well at Bath is fully described in my paper on “ The Lique¬ 
faction of Air and the Detection of Impurities 
If the neon, present as impunty in the Bath helium which was used, 
should roach its saturation pressure about the boihng point of hydro¬ 
gen, the values given by this thermometer for the boiling pomt of 
hyebogen would be too low In order to avoid this, the crude helium 
extracted from the Bath gas was passed through all-tube cooled by liquid 
hydrogen to condense out the known impurities —oxygmi, nitrogen, and 
4 Tgon. In my paper ** On the Applioation of Liquid Hydrogen to the 
production of High Vacua,”t it was shown that at the temperature of 
moling hydrogen, oxygen, nitrogen and argon have no measurable ten¬ 
sion of vapour, and that the only known gases uncemdenaed in air after 
iU^ coding wm*ehydr(:^n, helium, and neon. Thissame neon material 

• *ChsBi, Soo, Pros/ 1897 * 

t ‘Boy Boo.Pros.; 1898(tol 64,p.981) . 
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occTue in the gas derived from the Bath v^te A sample of hehum 
prepared as above described, which had been passed over red-hot 
oxide of copper to remove any hydiogen, was found by Lord Rayleigh 
to have a refractinty of 0 132 The refractivity of Ramsay’s pure 
hehum being 0 1238, and that of noon 0 2345, it results that my 
helium contained some 7 4 per cent of neon, according to the refrac 
tivity measurements This would make the parti<al tension of the 
neon in the helium thermometer cooled m the liquid hydrogen to lie 
about 4 mm , and tbs being taken as the saturation pressure the boil- 
lag point of neon is about 34** absolute The initial pressure (No 9) 
was taken rather less than an atmosphere, and the temperature of the 
iKwhng point of hydrogen was given by this thermometer as - 252*’ 68 
A further observation (No 10) was taken on another occasion with the 
same thermometer, and the value found was - 252** 84 The fact that 
the boiling point of hydrogen, as determined by the helium thermo¬ 
meter, IS in substantial agreement with the results obtained by the use 
of hydrogen itself is a conclusive proof that no partial condensation 
of the neon had occurred 

Of the remaimng expenmonts in Table I, (No 3) was made in ordci 
to show the effect of a very small initial pressure, one-sixth of an 
atmosphere The results were unsatisfactory, owing to the sticking of 
the long column of mercury giving uncertain pressure readings. In 
this case an error in the reading of a low pressure has six times as 
great an effect as if the initial pressure had been about an atmosphere 
If the temperature deduced for the boiling point of oxygen is corrected, 
and the same factor of correction applied to the observed liquid hydro¬ 
gen boihng point, then it becomes 25r 4 

It IS of particular moment to have some estimate of how far errors 
m the observed quantities employed in Chappuis’ formula affect the 
final value of T 

In the case of an error in f, on differentiating equation (2) we get 


dT 


Ti 


a?(273 -i- TO 
+ t - xTiif 


(4) 


If * * 1/50, t » 13% Ti »« -180*, then dT » 0*00339d/, or it would 
need an alteration of 2^* in f to alter T by 1/lOOth of a de^ee at the 
boding point of oxygen In the same circumstances when Ti » — 250, 
JT » 0*00136 df, so that an alteration of between 7* and 8* in the 
value of i would only affect the boiliag point of hydrogen by 1/lOOth of 
a d^pree. 

From equation (4) the error in T vanes with jt very nearly Thus 
for the second thermometer where x ^ 1 /115, a variation of / to the 
extent of 6“, would only affect the boiling point of oxygen by l/lOOth 
of a degree, apd it would require an alteration of 17* in t to affect 
t^ie boilmg point of hydrogen to the same extent 
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In the case of an error in P, a similar process gives 


f)T 


0 


raP. -‘SP)- 


273 + i 
273 + < - aTi 


rfP 


(5) 


If a: = 1/SO, ^ = 13 , Po = 760 mm, Ti - -180°, fiT - 0 3363 */P. 
so that an eri or of 1 mm m P would only alter the boiling point of 
oxygen by a third of a degiec In the same circumstances at - 250', 
<n: ^ 0 3516 ilV, V, hich is practically the same result at the Innling point 
of hydrogen as at that of oxygen 

For the second thornioraoter, these two equations liecoiue 


at - 180 , dT = 0 3375dP, 
at - 250 , rfT =* 0'3548 tlP 


In each of the last four lesults if P© = 
become respectively 


^ X 760 mm 
n 


the formuliie 


(/T »• a X 0 3563 dP, and ifT = « x 0 3516 dP, 
tfT = n X 0 3575 dP, and =- a x 0 3548(fP, 


in other words, any error in readmg P is magnified in its effect on T 
directly in proportion as ?» is dinunished This affords some expla¬ 
nation of the weakness of the lesults in Kxjienment (No 3) 

In like manner, from an error in Po, we get 


(ZT 


_ p <rr 

PodP 


'ZPo 


.. ( 6 ) 


Here if r « 1/50, t *• 13’, Po » 760 mm, Ti - - 180 , 
cZT - -01188rfP«, 

or an error of 1 mm in Po would only alter the boiling pcont of oxygen by 
a ninth of a degree, but with the same data at - 250°, dT » - 0 0264dPo, 
so that the boiling point of hydrogen would only be altered by a tenth 
of a degree for a change of 4 mni on an initial pressure of about ono 
atmosphere 

In this case also if Po 1 x 760 mm we get stnular results to those 
in Ihe case of P, namely, 

For X • 1/50, dT - - « x 0 IlSSdP^ond dT - - « x 0’0264dPfl. 
For X 1/116, dT ■> - « x 01192dPo and dT «■ -» x 04)266dPo- 

Hie general result of an error in mther Po or P is, that the more 
*reliab}e expenneuts are those m which fhe uutud pressnre te as 
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ad^poBsible Hence Nos 4, 9, 10 are in this respect the most reliable 
for hydrogen Also, it is of much more importance that P should bo 
accurate than that Po should l>e so , in fact, for hydrogen an error in P 
has 14 times as much effect as the same error in Po 
We can \enfy these results from Table I In Experiment (No 2), 
where Po = \ x 760 nearl>, ue have two readings—one at the boihng 
|K>int, the other in solid hydrogen,—namely, 19 7 mm and 14 4 mm, 
whose difference is 5*3 mm This corresponds to rZT » 3 x 0 3516( -6 3) 
degrees, or 5'' 59 The calculated temperatures for these pressures 
are - 253'* 37 and - 258** 66, whose difference is 5'**29, a satisfactory 
agreement 

If we compare Experiments Nos 4 and 9, m both of which the same 
value of a is used, we can pass from the former to the latter by the 
formula 

<7T - - 0 0266 fZP„ + 0 3548 rZP, 

in which ^ZPo =-11 mm and rfP = - 0 5 mm , whence f/T = 0" 152 
the olvaerved losult is -252' 683+252 806 or 0” 123, which is also 
satisf&ctory and explains how so great a drop as 11 mm in Po has, 
nevertheless, so slight an effect on the result 
An alteration in the value of k has but little relative effect on the 
results As liefore we have 


If^ 


1/50, / 


,JT . T, + 

(27S + < - /r,)' 

13", then 


( 7 ) 


at Ti - - 180", iTT - - 57 085<ie, 

atT, - - 260% <rr - - 19 4206 (fa, 

and for the second thermometer {x 1/116) in hke circumstances. 


and dT=- 57 895dc 

«fr - 19 802(/( 

For instaifbo, if x were altered from 1/60 to 1/80 the result would be 
to raise the boihng point of oxygen by 0 43 and that of hydrogen by 
0*16 

Finally, the alteration of a for any particular gas, being in any case 
small, aflects llie value of T praotfcllly only m its mam fa^r Ti To 
hundredths of a degree therefore the ohauge in T is inversely pio- 
portional to the ehange in a, or, in other wcn^ is directly proportional 
to the corresponding absolute soro. * 

Far instance, in Experiment (No 11) had we used the same value 
c as for hydrogm the boihng point of dry COg would have been 
- 7«**85 
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The following table shows what alterations would be require^or 
eaeh of the thermometers, in the values of P, Po» anil t to alter the 
boiling point of oxygen or that of hydrogen by 1/10 oi 1/100 of *i 
degree The table is calculated foi t 13", and in the cases of P anil 
Po the initial pleasure is t«iken to Iki about ]//ith of an atmosphere 

Tabic IT 



TliormoitttUp 

Tlmnnomeler 

1 

Alteration ^ 


No 1 

No 2 

of T 1 

• fat BP ofO 

ar 


1 " 

^ttttBP of H 


IT 

100 

fat B P of O 

0 2H0 

turn 

0 280 

mm 

i 


» 

» 

,c 

T. 

1 

0 286 _ 

0 282^ 

10 

[at BP ofH 

_ mm 

ft 

1 

--“itim 

» 


f at 1) V of 0 

0 

— nmi 

0 839 
— mni 


» J 

» 

n 

1 

i 

3 79 

3 70 

10 

UtBPofH 

1 , i 

-mm 

n 

mm 


! ./at BP of 0 

0 88 per coat 

S 00 per cent 

1 ® ‘ 

*\atBP OfH 

2 B7 „ 

6 81 „ 

100 


Thus, foi example, if the iniind pleasure in either thermometer were 
about half an atmosphere an erroi of 1/7 mm in lemhiig P would alter 
T by a tenth of a degiee 

If wc take the aveiage \alues gixen by these experiments as being 
the most probable, then the boiling point of oxygen is -182' 5 and 
that of hydrogen is 252” 5, or 20 > absolute ^fho teraperatuie 
found for the Ixnliiig point of oxygen agiocs with the mean lesults of 
Wroblewski, Olszewski, and others If the boiling point of oxygen is 
raised to -182% which is the highest value it can have,^hen an eqUal 
addition to the hydrogen value must follow, nuikmg it then - 252* 
or 21* absolute In a future communication the temperature of solid 
hydrogen will be discussed 

I nm indebted to Mr J D H iRckson, M A., of St Peter’* Ccdlege, 
Cambridge, for help in the theoretical discussion of the results, and to 
^ Mr Bobeit Lennox, F C S, foi able assisUnce in the conduct of the 
^ expenments 
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Fihniaty 14, 1901 

A B KEMPE, M A, Treasurer and Vice-Piesident, in the Chair. 

A List nf the Presents rocened iras Lud on the table, and thanks 
ordered for them 

The following Papeis were read — 

1 “Some Additional Notes on the Orientation of Greek Temples, 
being the Result of a Journey to Greece and Sicily, in April 
and May, 1900 ” By F C I’tNROSJS, FR..S 

11 “ The Transmission of the I'n/imuomnw Evaun b}' Horse Flies, and 
other Experiments pointing to the Probable Identity of Surra 
of India and N.igana or Tsetse-fly Disease of Africa ” By Dr 
Lfoxarp K0G&B8 Communicated by Major D Bruce, 
R AMC, FRS 

III “ On the Influence of Ozone on the Vitality of some Pathogenic 

and othei Bactena” By Dr A RANhOUE, FRS, and 
A G R FoULEHTOk 

IV “ On the Functions of the Bile as a Solvent ” By B MOOBE and 

W H Parker. Communicated by Pnifessor Schafer, F.R S 

V “ On the Appbcation of the Kinetic Theory of Gases to the 
Electric, Magnetic, and Optical IVopeities of Diatomic Gases ” 
By G W Walker Commumcated bj Professor Rucker, 
Sec RS 

VI “Heredity, Differentiation, and other Conceptions M Biology 
A Conuderation of Pixifessoi Karl Pearson’s Paper ‘On the 
Principle of Homotyposis ’ ” By W. Bateson, FRS 


“ On the Inilueuce of Ozone on the Vitality of some Pathogmiic 
and other Bacteria ” By Arthur Ransomb, M D , F.R C P, 
FRS, and Alexander (?* R Foulehton, F.RCS Be- 
oeived January 12,—Read February 14,1901 

The influence of ozone on the vitality of bactena is a matter which 
has received the attention of several investigators. But, <m reviewing 
the records of the results which have been amved at, it is obvious that 
SHofa results have not always been oonsutent. • 

VOULXVm. “ F 
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We determined, therefore, to iinestigate thie qucBtion anew, in t&e 
hope of being able to come to a definite conclusion The matter 
seemed to us to be one of considerable importance, since if ozone were 
possessed of the bactericidal properties which have been attnbuted to 
it by more than one investigator, the gas might prove of much \alue 
m solving one of the most unsatisfactory problems which have to be 
dealt with m the practice of mcKlcin sanitation, that is to say, the 
disinfection of rooms after the occurrence of infectious disease Ozone 
can now be conveniently produce<l m large quantities, and, if efficient, 
would be admirably adapted to effect the purpose m view 
The question of the bactericnlal fiction of ozone was especially brought 
into prominence by the cbisHical woik of Downes and Blunt, embodied 
m communications made to tins Society in 1877 and 1878 * Working 
with impure cultures of bacteria, those investigators show^ed that direct 
sunlight in the presence of atmospheric an was capable in some cases of 
preventing in gieafcer or loss degree, or in other cases of absolutely 
inhibiting, the growth of the ]>.irticu]ar bacteria experimented with ^ and 
that not only might growtli 1>e inhibited, but that the bactom them- 
selves might be actually destroyed* Downes and Blunt further 
show^ed that so far as the destruction of bacteria is concerned the 
blue and violet rays of the spcctmm are more effectn e than the red 
rays, that the interposition of a layer of water is sufficient to protect 
the bacteria to a certain extent, and that direct sunlight acting in 
vacuo may fail to destroy sponiig liactena 
Whilst this work of Dow nes and Blunt has l)oen fully confirmed and 
amplified in certain dnections by the work of others, no satisfactory 
explanation has yet been umvedat as to exactly how it is that bacteria 
are destroyed under these conditions The explanation that the 
result 18 a direct effect of the sun’s rays—of heat—has been showm to 
be untenable, and it has therefore been assumed that the destruction 
IS effected by chemical ratbor than by physical action, that it results from 
an active oxidation of the substance of the bactena by ozone, produced 
by the action of sunlight on atmospheric air Others have regarded 
peroxide of hydrogen as the acti\e agent 
Amongst the expenmouts which have been earned out in order to 
test this assumed baoteiicidul action of o/one, we may particularly 
mention those of Chapm8,t SonutagJ, and OhlmUller § Chapms filtered 
air th^01^^h cotton wool, and then exposed plugs of the wool with 
t^e contained bactena to the actichr of ozone The plugs were after*- 
wards mcuhated m a imtnent wort solution, w hich remained sterile* 
Control plugs of the wool which had not been subjected to the action 

• ‘Boy Soo Proc.'ToI 26,p 488, toI 28, p 199, toI 40,p 14* 
t ‘ Bulletin do la Soci4t^ Chmiique/ 1881, Tome 35, p 290 
t * OwUwlbktt far Balitenologie • finite AbteDung, Band 8, p 778.1890* 

* § ‘ Arbeiten a d Kauerl* Gesundkeiteamte,* 1892, B^d 6, p 289. 
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of the ozone, gave nse to u free growth of bactonti, when incubated 
in the same medium Sonntag and Ohlmiiller’s exponments, ou the 
other hand, seemed to show that ozone in the dry state had httle or 
no action on bacteria, but was capable of destroying them when passed 
through water contaiumg them Thus B anthiaevf^ suspended in 
distilled water, was destroyed after nir contauung 9 6 niillcgrammcs 
of ozone jier htie had been [mssod through the mixture for ten 
minutes A sponng t ultui e of the same bacillus was killed by pass¬ 
ing an contaiumg V> 2 milligrammes of ozone per litre thiough the 
water for ten minutes If, however, organic matter, such os blood 
sonim, wore added to the water the lesults woie diflferent, and it 
seemed that under these latter conditions the most prii t of the ozone 
was expended in oxubition of the dead organic mattci present, whilst 
the bactena Mcro little if at all affected 

Our c'cperiments weic planned with the view of oscci taming whether 
ozone applied in large quantities, either m a mixture with utmosphenc 
air or with pure oxygen, has m leality a destructive influence on 
liactoiial life, and especially whether it has any such influence undoi 
comhtions which would enable it to be used for practical purposes of 
disinfection 

The ex{>eumeut$ ha\c included the testing of the action of ozone, 
^1) on the vitality of certain pathogenic and Siiprophytic bactena, 
and (2) on the virulence of one pathogenic species For the purposes 
of the lattci tost, w e decided to test the action of the gas on B 

an organism w^hich is known to be rciulily affected by the 
direct action of ordinary cheniKal agents, and one which numerous 
exponmonts would lead us to believe is very susceptible to the action 
of direct sunlight (Koch,^ Ihuisomc and Delopiiie,! and Jousset) | 
Expenwnt I —In our first expenment, culture tubes with ** sloped " 
surface of nutnent agar or gelatin were inoculated with vanous 
bactena, a mixture of utmosphenc air and ozone was passed con¬ 
tinuously over the inoculated surface for a penod of at least foui 
hours, commencing twenty-four hours after the tubes were inoculated 
Tlie tubes wore then incubated at appropriate tem^iatures, and the 
result compared wuth that obtained m control tubes which had been 
inoculated from the same stock cultures at the same time 
In detail the following was the procedure earned out —^The culture 
tubes wore of the ordinary 15x2 cm. size, into the sides of which short 
pieces of 0 75 cm calibre glass ^Tnng had been blown m such a way 
that dioy opened into the lumen of the culture tubes about 3 cm from 
the bottom and just above the lower level of the sloped nutnent 

* 'TJeber bactenologisoho FoYsebung* Introductory AddroBs, Tenth Inter¬ 
national Mo^eal OongMBS, August 4,1890. 
t ^ Bey. floo Froo ,* toI 56 ^ 

t ' Oomptes Bendus de la 8oct^t4 do Biologie,’ 1900, Tome 62, p 884 * 

1 2 
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surface, and allowed the o/oni8e<l air to estupe after passing over the 
bactona The culture tubes uere dosed at the upper end by a piece 
of cork through which passed a shoit length of the 0 75 cm tubings 
which formed the inlet foi the ozonised nii 

The inlet and outlet tulies were loosely pluggetl i^ith cotton wool^ 
and by means of them and shoit lengths of india-rubber tubing the 
culture tubes couhl be connected up in senes, and steiile ozonised air 
drawn ovci the inoculated sut faces 

Such culture tulies were inoculatetl with the folloumg bacteria — 

Glycenn-agar tnlKis (Nos 1 to 5) luth 

„ „ (Nos 7 and 8) „ HanUvs vwlln 

Nutrient-agar „ (Nos and 10) „ llunlhiH fhphthma 

„ „ (Nos 11 „ 12) „ (sponng). 

Niitncnt-gelatm „ (Nos* 1» , 14), llunUus 
„ „ (Nos 15 „ 16) „ l\hrrormcm 

„ „ (Nos 17 ,, 18) „ Minoioccm CKnuhran^ 

The tubes weie then ananged in tuo Koiies, those numl^erod 1 to 12 
being connected up m one senes and those numbered 15 to 18 in 
another The two senes of tulies ueie then placed in a room of about 
900 cubic feet capacity and ozone luis geneiated in the air of the room 
by means of four small ** ozonisers,” a 3-iiich spark Ruhmkorff coil and 
an accumulator battery being used The “ozomsers” were kept 
working for four houi*8, dunng the whole of which time ozoniHed air 
was slowly aspirated through the tiilios At the end of four hours the 
urrangemont of the tubes was .dtered , a fresh senes, including <Aose 
numbered 3 to 12 and 15 to 18, lieiiig connected up, and pure oxygen 
chaiged with ozone w^as forced through the tulies for a period of thirty 
minutes Dunng this half-houi ozonised an w us still being drawn through 
tubes 13 and 14 The culture tubes were then incubated,Nos 1 to 12 
at 37* C, and Nos 13 to 18 at 22" C, the respective control tubes 
being mculiatcd with them The result of the expenment was that in 
the case of two out of the sc\en species tested, there seemed to have 
been some slight retardation of grow^th us the result of the exposure to 
the ozone ^ that ^s to say, in the case of one or both of the duplicate 
tubes containing iAfcci/to molln and lUmlhn diphihma^ the growth of 
the expenmental cultures seemed at first to be rather slower than 
it was m the correspondiiig control tubes But at the end <A eight 
days’ mcuhation all differeuce betw^n the expenmental and control 
tubes had disappeared, and growth was equal in both sets, and in 
farther experiments this effect w^as not obvious In the case of the 
other five species not the slightest effect could be observed as the result 
of the exposure This expenment was earned out under conditions 
which, although they might approximate to those which would prevail 
m the actual use of ozone as aw aenal disinfectant, were not adapted to 
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tost the action of ozone on bacteria, apart from an important disturbing 
factor. The bacteria were submitted to the action of ozone m the 
presence of a large amount of dead organic matter, and it was quite 
eonceivablo that such an amount of the ozone might have been decom¬ 
posed in the oxidation of the dead organic matter that but little had 
been left to exert any action on the living bacteria 

Ejrpei iment II —In this experiment we endeavoured to test the action 
•of ozone on the bacteria in the absence—so far as we could ensure the 
eondition—of dead organic nuitter The same culture tubes were used, 
but instead of inoculating agar or gelatin niitnont surfaces inoculated 
email blocks of plastei of Pans from stock cultures of the \anous 
bactena tested These plaster of Pans blocks when moculatetl were 
placed m the culture tubes, and the inlet and outlet tubes were plugged 
with fine Italian asliestos fibre insteiMl of with cotton wool And instead 
of |)assing the same cunent of ozone over a sciios of tubes m succession, 
wc connected each tube sopaiately with a mam feeding pipe with 
lateral branches, the lespectne tubes being held in contact by pieces 
of india-rubber tubing Thus each eultiuo tube had a fresh supply 
of o/one Ozone was geneiated as liefore, and jiassed otcr blocks 
inoculated from stock cultures of the following — 

1 iiiUiphylocofem jKfotfnm (nmm 7 Ihtnllm 

2 ^Sheptoffjrrui pf/oyenrs S Jkwdlm colt commtms 

5 Mtcrocotmui 9 Bunllm pijor jpumis 

4 Bfinllm mcdlet 10 Jiartllm pneumoiwv 

f) Bacillm ihpMi^ lo^ (Fnedlandoi) 

0 BacilJm aidhram 11 B(wdl%is piodiqmm 

(from siKiring culture) 12 

Duplicate tubes wcic inocuLited with each organism, and a con- 
tmuous current of air w'as pumped over the ozomser, which was 
enclosed within a gloss cyhndoi connected with the mam feedmg 
tube, and then through the culture tubes for a period of thirty minutes 
The actual amount of ozone used was not estimated, but lodi^ of potas¬ 
sium and starch paper held ovei the outlet tubes gave a positive reaction 
within sixty seconds of the commencement of the expenment The 
small plaster of Pans blocks weie then shaken up m tubes containing 
5 c c of nutrient broth, from the broth tubes loepfuls were transferred 
to other media, and the groivth o]jj|ained after incubation compared with 
the growth on control tubes 

The results obtomod on incubating the sub-cultures made it evident 
that none of the liactena had been affected by the ozone m such a way 
jiA to impair either their capability of growth, or, in the case of the two 

o We are indebted to Mr. Bndge, ehemut, of Bournemouth for auistanoe m 
the werba g of the oeomeing apparatue used in carrying out thie expenment. • 
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chromogeuic bactena» their function of pigment production. The patho* 
genic action of a broth sub-culture of B after the ozonisation, was 

tested by intra-pentoneal inoculation of a male guinea-pig, an ordinary 
infection with characteristic lesions followed, the animal dying within 
forty-eight hours 

E^penmenf III —^We now decided to subject the l>actenn to a rather 
more severe test than had been invohed in the two preceding experi¬ 
ments The ozone was produced by passing oxygen under piossurc 
from a cylinder over a powerful “ozonisci/* enclosed witbui a glass 
cyhndor, and then into the main feeding tul)c, as in the piovious 
experiment The current used was an altei nating one direct from the 
street mam Small pieces of porcelain were, aftei inoculation with 
the following bacteria, placed in the culture tulies -- 


1 Sarcimt vevincuh 

3 Microtocrus caiadnimH 

4 BanUvH imdln 

5 BactUuit dtpMhftw 

6 Baalim aniham 

(from twouty-four hour old 
culture in broth, non- 
spormg) 


7 IhcfUm 

(from old spormg culture on 
potato) 

S Jhctllm fi/phom^ 

Bactllm roh ronnmfH^H 

10 Banllu h pjocymu n ^ 

11 Bttnlhi H pumimv w 

12 lifu Him p) Of /ifpiwt < 


Duplicate tubes of each spetios weie uswl for the oKpoiiment, the- 
first attempt to carry out which resulted m failure, owung to the 
action of the ozone on the pieces of india-rubbor tubing by which 
the branches of the mam feeding tube and the inlets into the culture 
tubes were held in contact Before the mixture of ozone and oxygen 
liad been passed into the senes of culture tubes for ninety seconds, 
every piece of india-rubber tubing w^as cut through, as if with a knife. 
The joints were, therefore, made with pieces of bored cork, and the 
experiment repeated The mixture of ozone and oxygen was passed 
through the tubes at the lato of 1 5 litre pei minute for a period of 

thirty minutes, the yield of ozone, as estimated by titration with ^ 

iodide solution, amounted to 0 072 gramme pci minute The percent¬ 
age amount of ozone was therefore about 2 4 by volume At the end 
of thirty minutes the pieces of porcil^m were dropped into tubes of 
nutnent broth and incubated On comparison with the various con* 
trolfl it was obvious that the ozone had not affected the bactena in such 
a way as to impair either their capability for growth, or, m the case of 
the chromogenic organisms, their power of producing pigment. The Iwoth 
sub-culture of B. anthraettt (non^ponng) after forty-eight hours' incubar 
tion at 87 C* was tested on a white mouse, and proved to be of normal 
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virulence; 0 25 c c. of the broth culture, injected into the pentoneid sac, 
killing the animal within twenty-four hours in typical fashion.^ 

E^rpenment IV —Although it seemed to have been conclusively 
proved by the experiments of Ohlmuller, already referred to, that ozone 
was capable of considerable bactencidal action when the organisms 
were suspended in certain fluids, we determined to cany out a eangle 
exponmont, using milk as the medium We used milk because we 
considered that it would, as containing a large quantity of orgamc 
matter, test the bactencidal action of the gas severely 
Five flasks, each containing 125 cc of milk, were prepared as fol¬ 
lows — 

FUi4. 1 containod stonhsed milk which hud lioen inoculated with a 
culture of 1i aMran^ (sponng) 

Flask 2 contained stenlised milk which had been inoculated with 
A non-sponng culture of B anihraeth 

FlanL 3 contained ordinary fresh uiistenlised milk, to which a 
quantity of a broth culture of B prodtgtosm had lioeii added 
Flask 4 containod ordinary fresh unstenhsed milk 
Flask 5 contained a sample of commercial stenhsed ” milk which 
had ** gone bad ” ownng to the presence in pure culture of an anaerobic, 
sponng, butync acid forming liacillns 
A current of oxygen containing the same proportion of ozone as that 
used in Expenmont III was passed through the milk in each of the 
flasks for a penod of twenty minutes at the rate of 1 5 litres per minute 
Loopfuls of milk were then taken from each flask, transferred to 
various culture media, and incubated under both aerobic and anaerobic 
conditions, the flasks with the bulk of the milk still remaining in them 
wore also incubated 

In the result, it was found that the contents of flasks 1, 2 and 5 
were sterile of bactena The milk used for flasks 3 and 4 was taken 
from the same sample, and on incubation of the sub-cultures after 
ozonisatiou a growth of a mould-fungus was obtained from each flask, 
from flask 3 a very free growth of the mould was obtained, but neither 
B prodtgumtt or any other bactenum, from flask 4 a few colonies of a 
eoccus were obtained in both aerobic and anaerobic cultures m addition 
to the mould which was present apparently m less quantity in the con¬ 
tents of flask 4 than it was in the contents of flask 3* In the case of 
the sub-cultures from flask 3, the growth of the mould was very rapid, 
and soon covered the surface of Ike medium, and so possibly checked 
the growth of the coccus which appeared on the sub-cultures from 
flask 4, in which tiie mould growth was less abundant 
A loopful of the milk used for flasks 3 and 4, taken lief ore ozonisa-" 
tion and smeared over nutrient agm*, gave, on incubation at 22** C , 

* Ws are indebted to Mr Wood Ssuth, X*,! C, for aeeutenoe in the working ot 
tbs esomsing appsxntus need in th» experiment • 
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a large number of colonies of different bactena, ai^ it was apparent 
that the exposure to ozone had resulted in the destruction of a large 
majority of these, although complete stenlisation was not obtained as 
in the case of flasks 1, 2, and 5 

At the end of the experiment, the milk in flasks 1, 2, 3, and i, 
although not changed m appearance, had acquired an extremely dis¬ 
agreeable taste and smell, which was in all probability at least partly 
due to the development of fatty acids It seemed therefore possible 
that in the case of these milks, not only might the ozone have had a 
directly injiuious action on the bacteria, but it might also have affected 
them indirectly by producing from the natural milk \ anous bodies 
which might themselves also have to lie considered as factors in the 
experiment 

The milk in flask 5 uas in a late stage of decomposition and pos¬ 
sessed of a most offensive odour, it uas noticed that the offensiveness 
of this xmik was considerably reduced after the passage of the ozone 

Ejrpenment V —Our next expenment was made m order to ascertain 
whether ozone had any influence on the inrulence as apart from the mcTo 
vitality of li htierculom, and was earned out in the following way — 
Sputum rich in the specific bacillus was smeared over strips of fllter-papei, 
These strips were then dried, and afterwards exposed for varj mg periods 
to the action of highly-ozonised air The exposure was ensured by 
pmmng out the stnps on a board, which was hung aliout 6 feet from 
the same ozonising apparatus as that used m Experiment I, and in the 
same room The apparatus was set at work twro hours Inifore the 
exposure of the sputum was commenced, and was continued without 
intermission throughout the expenment When the exposure was 
commenced the air of the room was so highly charged with ozone as to 
be extremely unpleasant, and not lespiiable by anyone for more than a 
few minutes at a time After undergoing exposures of the several 
durations given in the table below, the atnps of infected paper were 
moistened, stretched out on glass, and the surface which had been 
smeared with the sputum was scraped off lightly with the edge of a 
knife The scraping from each strip was collected in a cubic centi- 
metKTe of stenlised normal salme solution, and doses of 0 2 e c the 
emulsions thus obtained were injected under the skm of the ingotnal 
fold in guinea-pigs As controls, other guinea-pigs were smularly 
inoculated with some of the crude sputum, and also with the serapings 
from an infected strip of papcr^^hich had not been previously 
ozonised Fourteen animals in all were inoculated, the following 
table gives their weights and the nature of the emulsion used for 
each,— 
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Gumca-pig 1 
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Small quant itr of crude eputum 
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370 

II 1 
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. XTIT 

410 

ft 
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K If 1 
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1 

370 
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h M 1 


Tho \dilolls ttiumals \\Gie either allowed to die natuially or were 
killed with chloroform aftei detiiiite signs of tubercular infection had 
developed And it may at <mc6 be said that a severe infection occurred 
in all the animals ^ there w^as not the least imhcation that the ozonisa- 
tion had exerted any clfect whatever on the virulence of the bacilli 
As examples, w'e may montion tho following animals —Guinearpig 
No I died on the twentieth day after inoculation, with a caseous 
abscess in the flank, infected mesenteric glands, and tubercles m the 
spleen ^ gumca-pig No II w^as killed on the twenty-second day after 
inoculation, and w^as found to bo m a similar condition, guinoa-pig 
No XI died on tho twenty-second, and guinea-pig No XIV on the 
twenty-thiid day, both being again in a similar stage. The presence of 
the specific bacillus in one or othoi of tho internal lesions was proved 
ui tho case of e^ery animal on the list 

Our experiments have made it clear that ozone m tho dry state, and 
in such strength as we used it, has no appreciable action on tho vitality 
of the various bactena expenmented with, and, so far, our results are 
ni accordance with those of Sonntag and Ohlmuller Nor did a 
prolonged exposure to the action of ozone diminish in any way the 
pathogenic virulence of B kihenuhm in sputum, as shown by 
Exjtenment V Single oxpenmertA would also tend to show that 
ozone can have little, if any, olfect on the pathogenic nrulenco of 
B mallm and B mdham 

(hi the other hand, Experiment IV would appear to confirm the 
•conehuion amved at by Ohlmuller as to the bactericidal property of 
Oione when passed through a fluid medium containing liactena in 
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A comparison of the inactivity of ozone as a disinfectant m the 
dry state with its action in the presence of water saggests a super¬ 
ficial resemblance with other gases, such as chlonne and sulphur 
dioxide In the absence of further experiment, however, it would not 
1 h 3 possible to press the analogy too closely 

In the dry state, and under the conditions in which it occurs in 
nature, ozone, then, is not ca|>able of any injurious action on bactena 
so far as can be judged from our expenments, and we conclude that 
any purifying action which o/oiio have in the economy of nature 
IS due to the direct chemical oxidation of putroscible organic matter,, 
and that it does not in any way hinder the action of liactena, which 
latter are, indeed, in then own wa^', woiking towards the same end ua 
the ozone itself in resoUing dead organic matter to simplei non- 
jiutrescible substances 


**On the Functions of the Bile as a Sohent’’ 11} Benjamin 
Moore and William H Parker Communicated by I^rofossor 
SoHAFEii, F R S Eetcived January 24,—Bead Februarj 14, 
1901 

The purpose of the biliary secretion and the uses of that fliud ui 
digestion and otherwise have furnished much matenal for discussion to 
the physiological chemist, and the discussion has given rise to many 
ingenious but widely diiforent theories 

The bile, unlike all the other digestn c fluids which are secreted into 
the alimentary canal, has no specific action upon any of the three 
classes of food-stufTs It contains small amounts of cholestearin and 
lecithin, and of other substances which are obviously to be regarded' 
as excretory in character It is necessaiy m the intestine for the com¬ 
plete absorption of the fats in normal amount, but oven in its absence 
a considerable amount of fat can still bo absorbed The constituents 
which it contains in solution in largest ijuantity are the sodium salte of 
certain aads called the bile acids, and these bUe salts are not excreted, 
but are reabsorbed, and undergo a circulation in the blood known aa 
the curculation of the bile 

These few statements bnefly summarise our expenmental knowledge 
as to the action and physiological paoperties of the bile, and have given 
H basis to many theones 

It has been argued by some from the fact that bile eontains na 
digestive enzyme, and from the presence in the fluid of certain eon* 
stituente which are certainly excretory, that the bile is to be regarded 
purely as an excretion, but this view gives no explanation of the re* 
«absorption of the bile salts, which arc the most abundant constituent* 
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By others the bile has been regarded as an anta-putrefactive, although 
It readily undergoes putrefaction itself Others, without much experi¬ 
mental proof, have suggested that it stimulates the intestinal epithe¬ 
lium and increases peiistalsis, but even if this be allowed it leaves 
much of the action of the bile untouched While it is umversally 
admitted that bile exhibits at most only unimportant traces of a diges¬ 
tive action on food stuffs, some observers state that its presence favours 
and increases the activity of other digestive fluids upon carbohydrates,, 
fats, or protoids, and see in this an important function of the bile * * * § 
On the other hand, it is stated by other eiqienmenters that this aiding 
power of the added bile is no more than can be explained by the altera¬ 
tion in chemical reaction of the mixed fluid t 

With regard to the uotioii of bile in fa\ounng fat absorption, one 
^ lew which has been held is that the bile alters the physical charactoi 
of the intestinal epitholmm when it wets it, and in some physical way 
makes the conditions more favourable for the taking up of emulsified 
fats Since it is ^ ery probable, however, that all the fat is absorbed 
m some soluble form, and not as an emulsion, this theory of biliary 
activity falls to the groun<l 

It was fust suggested by Altmanu,| mainly from histological obsei- 
vations, that bile aided fat absorption by dissolving the fatty acids set 
free from the neutral fats in the intestine Marcet^ had shown licfore^ 
this that bile dissohes free fatty acids to a clear solution, and later 
Moore and Kocknvoody detci mined the solubilities of fatty acids in bile,, 
and further demonstrated that in some classes of annuals a certain 
amount of the fat was al>soibod as dissohed free fatty acid 

The latter authors, while admitting that a consideiable amount of 
absorption of fat as (hsaohod free fatty aci<l occurs in carnivora, and 
insisting upon the importance of bile as a solvent m this connection,, 
showed from a coiisidoration of the reaction of the intestinal contents 
dnnng active fat alisorption that m other species of animals practically 
all the fat was absoibed as dissolved soaps Even in canuvoia it was 
further shown that in addition to the absorption as free fatty acid dis¬ 
solved by the bile, a considerable amount of absorption as dissolved 
soaps takes place 

The soaps formed in the intestine during the digestion of fat are 
chiefly sodium soaps. Now it has universally been taken for granted 
that these ai*o easily soluble m water, and no one has consideitsd any 
action of the bilo as necessary to thair solution in the intestuial con- 

* Bsehford, * Jouru of Phjuiology,* 1809, vol. 25, p 165. 

't Chittenden and Albro,' Ainer Journ of Physiol ,* 1808, toI 1, p 307 

t ‘ Areh f Anat u Physiol1880, Aaat Abth Hupp Bd , p 86 

§ * Boy. Boo Proc. Loud / toL 0, 1868, p. 306 

II *Bdy, Boo Proo,* toL 60, 1897, p 488{ ‘Jonm of Phrsiol,’ toI 21, 1897, 
pt 58. (in this paper the ktemtnrc of the snbjeot is given ) 
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tents But the process of preparing the sodium soaps easily demon¬ 
strates that ih muted $od%nm mtpi prepared exf^ier fiam iteef ot imtitm 
met me miU/ fen/ >tpmfn>ffJf/ mltMe m nyitef When the mixture oljtaincd 
hy hoiliiig the fat is thtow^n mto cold water, practically none dissolves, 
and the excess of alkali can easily be washed oif in this Avay An 
increase in the amoupt of olcate present raises the soluliility m vratei, 
flo that a mixture of soaps obtained from pig’s fat cannot be sepaiatod 
in this way When the mixed soaps donvc<l from ]>eef ot mutton fat 
are boiled with water, they do dissolve to a greatei extent, but the 
aolution sets, on cooling, to a stiff jolly, even when it contains ns little 
as 2 })er cent of the mixed soaps 

It otcmie<l to us, therefore, that it ^\onld lie desitable to make com¬ 
parative quantitative experiments .is to the solubilities af Imbf iem- 
peiaime oi such soaps in water and in bile i espoctivcly, in ordci to 
determine whether bile possessed any function as a sohont m soap 
absorption from the intestine Opportmuty was also taken to prepiii c 
and test the solubility quantitati\cly of the so-calltal “ insoluble soaps” 
of talciiim .and magnesium, us well as of the separated and purified 
olofites, palmitatos, and stearates of sodium, calcium, aud magnesium 

Attention has previously been gnen to the solubility of the magne¬ 
sium and calcium soaps, so far as we aio awnie, only m a qualitative 
fashion , and the unqualified statement has in consequence lieen made 
by Neumeistci* that these soaps are dissolved in the intestine by the 
agency of the bile 

There is, in addition to the solvent action of bile upon the \anous 
fatty del natives in the intestine, another point of view from which we 
may regard the bile as a solvent, and asenbe to it a very important 
function connected with tne excretion into the intestuio from the liver 
of substances insoluble in water It is well known that the bile con¬ 
tains cholestcann and lecithin, and although these bodies are not present 
in large percentage, they occui in greater quantity in the bile than in 
any other fluid in the body, and further this is the only channel by 
which these important degradHtion-producta of metabolism are removeil 
from the liody 

Although the prcsonco of those substances in the bile has long l>een 
known, no one, so far as we are aware, has drawn any inferences as to 
why they arc excreted by the bile rather than any other excretory 
channel, nor recognised the importance of the change in the physical 
properties of the bile, wherobysit is adapted for carrying off those 
waste products to the intestine, and so acquires a spociflc function 
possessed by no other fluid in the body. 

Both lecithin and cholestoann are insoluble in water, and hence 
cannot bo throwui out of the body m simple aqueous solution l^us 
fundamental fact suggests inquiries as to how these substances are 
* ‘ Jjohrbuch dov phTiioloaisoben Chemie/ Jena, 1097, p 221. 
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curried lu solution to the hvor cells to be there excreted, as to how 
they are preserved in solution in the bile, and as to the extent to which 
each of them is soluble m that fliud 
Experiments were accordingly anangod to tost the powers of the 
bile salts as a sohont for these two subsUnces, which taken in con¬ 
junction with the known facts as to the roabsorption and cironla- 
tiou 111 the blood of the bile salts cast a considerable light upon the 
c|ueBtion8 above outluieil, an<l furnish a rational explanation of the 
so-called “ circulation of the bile ” 

It IS, in oui opinion, in this property of acting as a solvent for sub¬ 
stances which are insolulilo in water, that bile has its main if not its 
only function, both in excietion and absoi-ption 

Any otliei properties which ha\c been ascribed to the bile are of 
\ery minor iniiKntance compared to this one It enables us in the 
first place to explain clearly the pait played by bile m fat absorption, 
for our cxpei iments show not only that the solubilities of the soaps are 
eonsidorubly incicased, but, which is of more importance still, that 
they are dissoh ed by the bile in a (blfercnt physical condition from 
that in which they aio held m solution by w^ater alone, as is shown by 
the alteied physical pioperties of the solution Further, free fatty acid 
could not bt held in solution in the iiitestino in the aliseiiee of bile 
Again, It IS impossible to see how such snlistancob as cholostoanii and 
lecithin (oulfl be excreted in the absence of some vehicle confernng 
solubility upon them 

Eqmtmentnl MHhMh 

The bile salts used in our expenmeuts were prepared by a usual 
modification of Plattnei^s method from ox bile The bile was con¬ 
centrated to a s}iup on a water-bath, mixed into a paste with animal 
charcoal, extracted with absolute alcohol, filtered, and othei added to 
commencaiig preupitatiou On standing, the bile salts were obtained 
m crystalhno spherules, and these wwe purified by dissohmg iii 
alcohol and rcpreapitating with ether 

The mixed sodium soaps employed wore oljtaiiied by saponifying 
beef suet Much labour was expended on various attempts to prepare 
these 111 a pure form, such* as obtaimng the free fatty acids in ethereal 
solution and neutralising with alcoholic potash, or extracting the soaps 
with hot alcohol m a Soxhlet apparatus and cooling out from the 
alcohol These methods have pcictical difficulties, however, on 
account of the varying solubilities of the constituent salts in the organic 
solvents Accordingly, a simpler method w^as found to yield better 
results The fat was first saponified by slight excess of caustic soda, 
and the mixture of soaps thrown into a large excess of cold water, 

* Ssturi^ed solulion of Bodimn ohiorids was at first used, but it was foand that 
the mixed sodium soaps were so insoluble m cold water that no suoh sahne 
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which diceolves out the surplus of alkali and inorganic salts. The 
soaps were next converted into free fatty acids by treatment with 
dilute hydrochloric acid, and the mixture of fatty acids was thoroughly 
washed by warming vnth water The free adds were again eon* 
\erted into soaps by very slight excess of caustic soda, dissolved iii 
boiling water, precipitated by cooling, washed with cold water, dned 
in a water bath, powdered, and kept in a glass-stoppoied bottle 

The mixed calcium and magnesium soaps were prepared from these 
by precipitation from solution in hot water with calcium chloride and 
magnesium sulphate respectively, cashing thoroughly with water, and 
<lrying on a water bath 

The pure oleic acid and olcatea used were prepared from a sample 
of pure oleic acid by Merck 

The pure palmitic acid Mas obtamed from bereberry tallow by 
lepeated partial recrystaliisation from alcohol until a constfint and 
^locurate melting point was obtaiuod The sodium soap was obtained 
by neutralising with caustic soda and recrystalhsing from hot alcohol, 
the magnesium and calcium soaps by precipitation of the sodium salt 
in hot aqueous solution by the appropnate suits, washing by decanta. 
tion with cold water, and diying 

The pure steanc acid and stearates were similarly prepared from 
commercial stoann, and their punty tested by melting-point deter- 
imnations for the free acid 

The leathin used was prepuieil from yolk of egg by the follow¬ 
ing modification of the method of Hoppe-Seyler The yolks weie 
separated, beaten up into a common mass and extracted with five times 
their volume of 95 per cent alcohol at a temperature of 60^ to 60* C 
for about two hours The precipitated proteid and membrane was 
separated off by pressmg through cheese cloth, the filtrate was alloMred 
to cool to about 30* C and separated from a certain amount of fatty 
oils which became pres8o<l through along unth the alcoholic extract 
The alcoholic extract was evaporated down to a syrup at a temperature 
of about 60* C on the water-bath, and then taken up in a small 
volume of absolute alcohol at a tempeiature of 40* to 60* C This 
extract was next surrounded by a freezing mixture and kept at a 
temperature of - 6” to — 10* C for some* hours, which precipitates 
the greater part of the lecithin This was removed by decantation 
and filtering through a chilled funnel, purified by agam dissolving in 

«» 

preapitiint 4» required Not eron any wxUum oleate » dxMolTad by the odd 
'Water, ae con be ehcwxt by flret tb'rowing mto cold water, then remoruig the soap 
and taturating the water with sodium ohlondc, when soarody a trace of a pm- 
pitote is obtamed Nor are ooid soaps formed by this method of preparotum, 
aoooant of dissoeution of the olhali, for on luoineratioD of the soaps and titrotfon 
of Che residue as sodium carbonate, we ha^e obtained almost the tbeoiwtieal yidds 
I required for neutral ao^. 



69 


On the Fiwiwm th^ Btle m a Solwii 

a small volume of absolute idcobol, and once mem cooling out of solu¬ 
tion. The final product was dried m a desiccator over sulphuric acid 
ior some days 

In the case of cholestoarm the figures obtained for the solubihty 
were so low, that pure cholestoarm preparations were made from 
several sources m order to make certain of the result ^ but all the 
specimens gave a like result 

The cholestoarm first used was prepared fiom a laboratoiy specimen 
by repeatedly recrystallismg from ether and from hot alcohol The 
second specimen was obtained by repeated recrystallisation from hot 
alcohol and other of tho residue after taking out the lecithin from the 
hot alcoholic extract of ogg yolk by means of a small volume of 
*ibsolute alcohol 21s h 1 x>vc described Large characteristic cholesteann 
crystals were easily obtained by this method 111 great abundance A 
third specimen was similarly prepared from ox bram, and a fourth from 
human gallstones by tho usual method of extraction 

Comparative determinations were made of the solubilities in distilled 
water, m 5 per cent aqueous solution of bile salts, m 5 per cent 
4iqueouB solution of bile salts 1 pei cent of lecithin, and occa¬ 
sionally in ox bilo Two methods were employed in carrying out 
the determinations, which were all made at a temperature as close to 
that of the human body as possible, vis, at S?*" to 39* G 

In one method, an excess of tho substance of which the solubility 
was to be determined was heated to a tomperatui e of 50^ to 60" C 
with the solvent, the mixture was allowed to cool to the required 
temperature, and then filtered through paper in a funnel kept at body 
temperature by a wwm jacket It was afterwards tested that tho 
filtrate became cleai, when it was once more heated to body tem¬ 
perature 

Tho percentage dissolved is then estimated by iletermining the 
amount of dissolved substance m a given volume, say 5 c 0 , of the 
filtered solution This is done by evaporating to dimness, extracting 
the fatty acids with other (m the enSse of the soaps, after first convert¬ 
ing into free fatty acids by tho action of a mineral acid), and weighing 
after evaporating off the solvent 

This method has some practical disadvantages which have precluded 
its use except m the cose of the determination of the solubibty of the 
eodium soaps m bile In the first jdace, a considerable amount of 
both solvent and solute must be m order to obtain a workable 
4|iuintity of filtrate It is also difficult to filter with some of the sub- 
stanoes tested, and on extraction of the evaporated sdution with ether 
It is often impossible to obtain a clear ethereal solution This method 
hae therefore only been earned out in the case of the sodium soaps and 
bUe. Here it has been used to determine the tiwoimm amount whidh 
^ ean be taken up by the lale from such a nataraUy^ocoumiig mixtim of 
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soaps as is obtained in the saponification of beef fat. When such a 
mixture is submitted to the solvent action of tiie bile it is found that 
more sodium oleato than paimitate or stearate is taken up, as is shown 
in the considerable reduction which is obtained in the melting point of 
the mixture of fatty acids dissolved and re-obtained from the bile as 
compared with the molting point of the fatty acids obtained from the 
mixed soaps before beuig acted upon by the bile In fact, it is only 
when sodium oloate is also present that sodium paimitate and stearate 
are taken up by the bile in appreciable quantity* As a result of this, 
the figures obtained by this method, in the case of the mixed sodium 
soaps, must only be taken as indicating the maximum amoitnt of soaps 
which the bile is capable of taking up from such a mixture at body 
temperature, and it must be romemberod that the portion taken up has 
not the same composition as the mixture extracted, and that the solu¬ 
bility of the residue gradually decreases as the percentage of paimitate 
and stearate in it increase * 

The second method, which has chiefly lieeii used m making the 
determinations, is to add the substance to he dissolved m small weighed 
portions at a time to a measured volume of the solv^ent contained in a 
test-tube and kept at body temperature by being immersed in a water 
bath provided with a thermostat The mixture is stirred from time to 
time with a glass rod, and the sulistance to bo dissolved is rulibed up 
with the solvent to hasten the process of solution The amount added 
when solution ceases to be complete is noted, and from this a close 
approximation can bo made to the peicentage solubility The approxi¬ 
mation IB the closer the smaller the amount of substance added each 
time, and the larger the volume of solvent which is taken By using 
10 c c of solvent and adding the substance m portions of 0*01 gramme 
at a time, it is thus possible to determine the solubility within one-tenth 
of a per cent The method is somewhat labonous in making a first 
determination from the number of weighings, but in later determina¬ 
tions with the same solvent and solute it can be shortened by adding 
at once nearly the total quantity which it is known will be dissolved. 
Behable results are obtained by this method in the case of determining 
the solubility of pure substances, but m a mixture of the soaps it gives 
a lower result than the total amount which the solvent will take up 
from the mixture, because the signal for stopping is here that pomt at 
which the maximum amount of the least soluble constituent ol the 
nuxturo has been taken up. Thus a slight residue is obtained when 
even as little as 0 5 per cent of mixed sodum soaps is added to bile at 
"body temperature, and a somewhat heavier residue when watttr la 

• A itijnilar resuU m eeen when the mixed fatty acids or eoaps obtained by 
sapomfying any naturally ocoumiig fat are treated with asolwtt in wbieh they 
are not exceedingly soluble, siutli as bot aloohol, a reNdue of insoluble steame aeid 
^ or stearate is finally obtamed 
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employed as the solvent , the amount of undissolved residue increases 
as the amount of mixed soaps added is increased, but it is obvious to 
the eye that a considerable amount of the later additions of soap are 
being dissolved, and, further, a determination of the melting point of 
the mixed fatty acids obtainable from the undissolved residue proves 
that this consists chiefly of palmitates and stearates 

This is interestuig fiom the physiological point of view, since a 
similar separation must take place in the intestine, and the oleates be 
alisorbed more readily and more rapidly than the palmitates and 
stearates 

I 

ItEhl LTS 

1 Fkee Fatty Acids - -The mixed free fatty acids obtauiable from 
beef suet are practically insolnblo in distilled water at body tempera¬ 
ture When as little as 0 1 per cent is added, the greater part remains 
undissolved in the form of melted globules, but, on coolmg down, a 
faint opalescence in the fiiud indicates a slight degree of solubility. A 
5 per cent solution of bile-salts dissolves 0 5 per cent of the mixed 
acids, and a 5 per cent solution of bile-salts pln^ 1 per cent of lecithin 
dissolves 0 7 per cent The effect of the lecithin in increasing the 
solubility IS clearly seen by heating simultaneously in two test-tubes, 
one containing bile-salts alone, and the other bilo-aalts pirn lecithin, 
0 5 per cent of the fatty acids The tube containing the lecithin clears 
first, and on cooling the two tubes a heavy precipitate is obtained in 
the case of the bile-salts only, and scarcely any precipitate in the solu¬ 
tion containing lecithin in addition 

Okw acid has the following solubihties —Distilled water less than 
0 1 per cent , bile-salt solution, 0 5 per cent , bile-salt plus lecithin 
solution, 4 per cent * 

Palmihc ocirf, in distilled water, loss than 0 1 per cent , in bile-salt 
solution, 0 1 per cent , in plus lecithin solution, 0 6 per cent 

Steanc m distilled water, less than 0 1 per cent, in bde-salt 
solution, less than 0 1 per cent , in bile-salt pim lecitluu solution, 
0 2 per cent 

2 Sodium Soaps —The mixed soduun soaps of beef suet, tested by 
the supersaturation method, yield to distilled water 2 23 per cent, 
and to ox bile (sp gr* 1027) 3 69 per cent The solubilities ui the 
other solvents of the mixed soaps was not determined, because the 
constituents, for the reasons assigned* above, are not taken up m pro¬ 
portionate quantities, and hence the figures ^ve little value as quanti- 
tative results 

The above figures consequently give merely the mm aimim uptake of 

* Tbs blle-ailt sotutions empli^sd mvanabl; oontuned 6 per oent of the 
ivdxsd bihMalfcs of ox bile, and the bile suit plus leeitbhi •olatUnoA 1 per oent of 
leoldiliiiaadditieiu 


G 
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soaps by bile from such a naturally occumng mixture, and do not 
mean that a mixture of soaps of unaltered composition is taken up to 
the extent indicated 

Of much more jmporunce physiologically than the increase in 
anumni of soap taken up, due to the presence of the bile salts, is the 
obvious physical change in character of the solution. After filtration 
in each case from the excess of undissolved soap, a difference is observ¬ 
able oven at body temperature lietweon the two solutions The solu¬ 
tion of slightly over 2 |)Gr cent of soaps iii distilled water is opalescent 
hke a starch or dilute glycogen solution, while that of over 3 per cent 
of the same soaps in bile is limpid and clear On allowing the two 
solutions to cool to the temperature of the room, the physical differ¬ 
ences become much more marked, for the more dilute distilled watci 
solution sets into a stiff jelly so that the contoimng flask can 1>6 turned 
upside down without causing any alteration in the shape of the jelly, 
while the solution in bile remains quite limpid, and only a small part 
of the dissolved soajis passes out of solution ab a Jinehf granukn jnmpi- 
Me The formation of a jelly on cooling, in the case of the distilled 
water solution only, is not due to the fact that a larger quantity of 
soaps passes out of solution here on cooling, for no matter at what 
temperature higher than that of the body bile 1)6 saturated with the 
mixture of soaps, and hence no matter how much soap passes out of 
solution on coolmg, it never forms a jelly, but always a precipitate and 
a clear supernatant fluid 

Now the formation of a \iscid solution and ultimately of a jelly is 
one of the general properties of colloidal solutions, and hence the 
above-desenbed expenmental difference in behaviour probably mdi- 
cates that soaps in solution lu distilled water are m a more colloidal 
condition, and accordingly in a less diffusible and absorlmble condition, 
than when dissolved m the presence of bile-salts 
JSodttm almte has the following solubilities—^in distilled water, 5*0 per 
cent j in bilesalt solution, 7 6 per cent , in bile-ealt f>lm lecithin solu¬ 
tion, 11 6 per cent 

Sodnm palmUate, in distilled water, 0 2 per cent , in bilo-salt solu¬ 
tion, 1 0 per cent , in bile-salt plus lecithm solution, 2 4 per cent. 
Sodium stearate^ in distilled water, 01 per cent , in bilc-salt solutum, 
0*2 per cent , in bile-salt lemthin, 0 7 per cent 
3 Catx!IUH and Maqnehium Soaps-—T he usual statement that 
the “ insoluble soaps ” of calciuiu and magnesium are soluble m bde 
reoeiveB oonsidffl'able modification when tested quantitatively, for the 
experiment shows that these soaps are only veiy sparingly soluble m 
Idle Neither the mixed calcmm or magnesium soaps denved from 
beef suet nor their constituent salts, viz., the respective A)leates, palmi- 
or stearates, are at all soluble ni duitdled water, that is to si^y^ 
^6 soluhiMy in each case hes much below 0*1 per cent., ndueh we 
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have taken m the lowest practicable linut m making our determina¬ 
tions The solubility of the mixed calcium or magnesium soaps in bile 
IS difficult to accurately determine on account of the undissolved resi- 
^luo of palmitate and stearate loft behind When even as little as 
0 1 per cent of either mixture is added to ox bile a residue is obtainod 
The magnesium soaps are somewhat more soluble than the calcium 
soaps, but in both cases the solubility is \ery low In the case of the 
mixed calcium soaps, apparently none is taken up into the aolutiou 
after 0 2 per cent has been added, and in the case of the mixerl 
niagncsmm soaps the same result is attained after the addition of 
about 0 4 per cent. Similar results are obtainoil in the case of the 
mixed soajis with bile-salt solution alone, and with bile-salt pli^ 
lecithin A 1>]lc-salt solution (5 per cent) ceases to dissolve more 
when 0 1 per cent of mixed calcium soaps has boon added or 0 2 per 
cent of mixed magnesium soaps , and the figures are almost doubled 
when 1 per cent of lecithin is dissolved in acUhtion in the bilc-salt solu¬ 
tion used 

When the solubilities of the separated soaps in bile-salt, or ui bile- 
salt lecithin, solutions aie tested, it is found that the solubilities 
arc only considerable in the case of the oloates, and here agam it is 
seen that the magnesium salts are moie soluble than the calcium salts 
Calrum deafe^ in bilo-salt solution, 0 2 pet cent ^ in bile-salt plm 
lecithin solution, 1 4 per cent 

Calemm jmhntkUe, in bile-salt solution, less than 0 I per cent ; m 
bile-salt lecithin solution, 0 9 per cent 
Cdlnvni stfarate^ in bilo-salt solution, less tb«in 0 1 per cent , in bile 
mltplu4i lecithin solution, 0 4 per cent 

Magttemum deate, iii bile-salt solution, 3 2 per cent , in bile-salt 
lecithin, 8 2 per cent 

Magnmum palmttaie^ in bile-salt solution, 0 2 per cent , in bile-salt 
plm lecithin, 1 2 per cent 

Mijug^vemm dmrak^ in bile«ilt solution, less than 0*1 per emit , m 
bilo-salt pbu locithm solution, 1 0 per cent 

The physiological importance of the solubilities of the calcium and 
magnesium soaps in bile has, m our opinion, been much overrated, 
Altliough the figures above given show that the sdubilitiefl of the 
mixed soaps of calcium or magnesium are very low, and hence that the 
xuual statement that these bodies are soluble must be modified, a point 
</t more physiological import is tflht the percentage of such soaps 
formed m the intestine dunng digestion of fat most be very small 
under normal condition, and hence their solution by the bile u of no 
great physiological moment. Such solubilities as are quoted above, 
low they be, are in any case more than sufficient to account for 

the absorption of such minimal amounts of calcium or magnesium soaps 
as may be formed during fat digestion. 

, , o 2 
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4 LKCmux.—The power which aqueous soliiUone of l»Jlo^9alts 
poBsess of taking up a large quantity of lerithm lUto solution at 
body temperature is len interesting from the point of view of the re- 
absorption of the bile-salts, as is also the fact that m piesence of 
lecithin the solvent power is greatlv increased for other fatty sub¬ 
stances, such as the free fatty acids ami soaps, as is sliow n b\ the fore¬ 
going figures 

Pure lecithin is practically inHoluUe in water, the mlditum of as 
little as 0 I per cent causes an opalescence, aii<l further additions give 
nse, as is well known, to a kind of emulsion But when lecithin is 
added to a 5 per cent solution of bilc-salts,* the appearances obsened 
uro qmte different 

The lecithin dissolves to a clear ]>i oiv'n-colourod solution, and the 
amount taken up is surprising, thus a 5 r cent solution takes up no 
less than 7 per cent of lecithin at a temperature of .17*' C On cool¬ 
ing, part of the lecithin is thrown out of solution us a finely suspended 
precipitate or emulsion, which glistens with a silky lustre when the 
test-tube containing it is shaken so as to set the fluid in motion At 
ordinary room temperatures of to 20" C , a considerable amount of 
lecithin, 4 to 5 per cent, is, howeier, still retained in solution 

The power of lecithin in increasing the solubilities of the fatty acids 
and soaps, explains m great part why lower solubilities are obtained in 
experimenting with pure bile-salt solutions, than inth bile The 
lecithin naturally occurnng in bile thus increases the solvent power of 
that fluid in the intestine for fatty acids and soaps 

5 Cholksteaein —After the high soliibilit} obtained for lecithin, 
we W'ero much surprised at the oxcessiAcly low solubility obtained for 
cholesteann, and proceeded ;is above desenbed to make preparations of 
pure cholesteann from sovoral different sources The experimental 
results obtained were however umform, in all cases it was found that 
while cholesteann is appreciably more soluble in bile-salt solutions than 
in water, m which it appears to be absolutely insoluble, yet the degree 
of solubility IS very low Thus, in sei oral expenmente with ox bile, we 
were unable to dissolve 0 1 per cent of cholesteann additional, and as 
far as we could judge most samples of bile are practically saturated 
with cholesteann A 5 per cent solution of bile-salts dissoKes about 
0 1 per cent of cholesteann, and the amount 19 not very appreciably 
mcreased by the simultaneous presence of loeithui, at any rate, the 
amount dissolved by 5 per cent bilo-salta plm 1 per cent of lectlAan 
does not exceed 0 15 per cent 

This exceedingly low solubility of cholesteann ui bile furnidies an 
interesting expenmental explanation of a well-known climcal fact, 

« Ths same revuiti ore obtained when ledthin » added to bile; thus a motjdB 
of ox bile dieaolTed 6 per cent, at 36^ C Thu shows that bile u not neatly 
■ eatuvated with lecithin under normal conditions of its secretion. 
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VIE., that gallstones so often consist ef almost pure cholestoarm On 
aoooimt of the low solubility of cholesteann, the bile (the excretory 
agent for this substance) must, even under normal conditions, be almost 
saturated with it Hence anything which either diminishes the amount 
of bile-salts in circulation or increases the amount of cholestearm in the 
ciroulation, such, for example, as increased metabolic changes m the 
nervous tissues, may cause a supersaturation of the bile with ch<desteann, 
^ind a deposition of that substance Such a deposition would occur most 
commonly in the gall bladder where the supersaturated bile is stored 
for a time, and where absorption of u ater and probably of bile-salts 
also occurs, lowering the solvent power of the contained bile ^Vlieii 
precipitation from solution docs take place, as is well known under 
such conditions, the deposition will occur most readily around any 
nidus of foreign matoual, such as an epithelial cell 

In such conditions, it is obviously the supersaturation of the bile 
^\lth cholestearm which is the pumaiy prodisposuig factor to gallstone 
formation, and not the presence of the epithelial cell When a stone is 
once started, like a crystal already formed in a solution, its surface is 
a favourable situation for continued deposit, and so the stone continues 
to increase m size The ringed appearance of the cross-section is probably 
due to alternations in the rapidity of growth, the bile being more satu¬ 
rated with cholestearm at some periods than at others Lecithin and the 
other constituents of the bile, with the exception of the bile pigments, 
bemg V cry soluble are not i eprosonted lu the composition of gallstones 


CoNCia SHINS 

1 Bile has a dual function us a solvent (a) it acts as a solvent for 
lecithin <ind cholestearm, and hence aids m the excretion of those 
othenvise insoluble bodies by the liver cells, and in their carnage to the 
intestine i (b) it acts as a solv ent m the intestine for both free fatty acids 
And soaps, cmiferruig their entire solubility on the former, and largely 
inci easing the solubikty of the latter 

2 These solvent properties of the bile are chiefly due to the bile 
salts; but m the case of the fatty acids and soaps the amount dissolved 
18 greatly mcreased by the simultaneous presence of lecithin. 

3 These solvent actions of the bile salts explain the utility of the 
reabsorption of the bile-ealts and their circulation through the liver, so 
that they may bo used over and ov oreigam as solvent agents In absmp- 
t»on, the bile salts carry the soaps of fatty acids into ootomnar cells, 
in the liver, they are absorlied by the liver cells, caiTy the excretory 
lecithin and oholestearin with them, and are passed into the Mo cauali- 
cuU holding these substances in solution, in the bile, the lecithin and 
chdesteann are earned in solution to the intestine, and m the in^ 
testane, the soaps ami fatty aculs aic dissolved and ren^tered capable of * 
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tang taken m along with the biiensaltfi hy the columnar cells, while 
the lecithui and oholesteann which are incapable of absorption are 
precipitated as the bile-salts are absorbed 

4, Lecithin possesses a high solubility in the bile, and cholestearui a 
very low solubility The low solubility of oholesteann furnishes aii 
explanation of the fact that gallstones arc composed almost ontiielv 
of this substance. 

5 The sodium soaps possess only a low solubility in water, the palmi- 
tate and stearate being practically insoluble, hxxt the solulnlity ih 
increased by the presence of bile-salts, and especially in the picsoncc 
of lecithin, fuither, the character of the solution is different in the two 
cases, being less colloidal when in bilc-salt solution 

6 Even in bile or bile-salt solution the calcium and magneKUim soap*:* 
have a low solubility, but of the two the magnesium soaps aic the moie 
soluble 

7 These results cast some light on tlie relative fuiictions of the]mn- 
creatic juice and bile in fat digestion and alisorption The ens^yme of 
the pancreatic juice splits up the neutral fats, forming fi ee fatty acids, 
whxcii are largely converted into soaps by the alkali present, while the 
bile gives solubility to the fatty acids and soaps so producefi Now it 
18 well known that the fat-absorbing power is impaired but not com¬ 
pletely destroyed by the absence of either one societion, but is 
practically lost when both secretions aio alisont These facts can 
probably be best explained as follow^s — (a) In the absence of the 
pancreatic ferment, since the bile has no action upon neutral 
fats, and these are insoluble, only that portion can lx; a}> 80 il>ed 
which is free in the fat when ingested, or is set free in the stomach, 
or by bactenal action in the intestine Since bacterial action is at 
a mmimum in the small intestine, the fat in great part is not set 
free until the large mtestmo is reached, when the bilo salts have all 
been reabsorbed, and hence cannot assist in solution Acoorduigl^, in 
the absence of the pancreatic secretion, a large percentage of the fat 
appears as fatty acids in the ftcces {b) In the absence of the bile, 
although the fat is decomposed high up lu the intestine and converted 
into fatty acids and soaps, the absorption is slow because the solvent 
action of the bile is wanting, and hence only a fraction is absorbed, and 
the remainder passes on chiefly as fatty acid to be thrown out in the 
fssoes. When both pancreatic secretion and bile are absent, ui the 
first place only a small amount ikdecomposed in the small intestmei 
and in the second place there is nothing to confer solubdity on tbs 
small portion, with the result that alisorption falls almost to aero. 
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College, Cambridge, Sir Isaac Newton Besearch Student 
Communicated by Professor BDcker, Sec BS Beceived 
January 23,—Bead Februaiy 14,1901 

(Alistract) 

The aim of this paper is to appl} the method of The Boltzmann- 
Maxwell Kmetic Theory of Gases” to the electric, magnetic, and 
optical properties of gases For the sake of simplicity the molecule is 
supposed to consist of two <itom6, so that the results apply to gases 
such as Hydrogen or Oxygon S6\eral of the results indicate, however, 
qualitatively what we might expect for more complex molecules 

One of the atoms is supposed to have a positive oloctnc charge and 
the other an equal negative charge, and the force in play lietween the 
two atoms is taken as the ordinary electrostatic force. 

It is contended that the molecules may bo classified into three 
types—(1) that in which the two atoms rotate in contact, (2) that in 
which the two atoms revolve in elliptic oi bits about their C G, but not 
in contact, (3) that m which the two atoms move in hyporbohe 
orbits for the short time during which they influence each other 
appreciably They may thus be regarded as pioctically free 

The first portion of the paper is concerned uith calculations respect- 
iiig the relative proportions of those three sets, and although a quite 
complete solution is not obtained, the results indicate certain important 
featuies, and may prepare the way for a more complete investigation. 

It 18 next shown that such a system will exhibit magnetic properties, 
and the wfficsmt of ^mgnehc mscephhiltly is calculated The formula 
obtained shows a close agreement with Professor Quincke’s expenments 
oil this question 

The system will also exhibit electrical properties The duUcktt 
emstimt is calculated The formula differs essentially from other 
theories of electric susceptibihty, eg^ Boltzmann’s, in the vs^oriafd 
dependeim m iemperoiure* A note at the end of the paper, giving some 
recent experimental results by Herr Karl Baedecker, shows how 
closely the theory agrees with his^experimental observations of the 
temperature effect. 

The electrical conductivity is calculated as depending on the number 
of free atoms present Beferenoe is also made to a paper by the 
autiiOT, communicated to the Physical Society of London, in which it 
is shown how the formation of strice in a vacuum tube may be 
apoouiited for. 
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The optical properties arc next considered, and the amount of 
refmdfm produced by Jree atomis and nufkcules calculated The calcula¬ 
tions on the free atoms are of interest, inasmuch as it is shown that 
they accelerate the velocity with which wa>cs are transmitted With 
regard to the molecules, it is shown that the optical control tnay be 
regarded at* dm to the mean value of ut- for the molecules, where <s» 
is the angular velocity of rotation of the two atoms alxmt then 
common C G Disporaion is also accounted foi, and dependu esserUmllij 
on (he dvdrd^uiion law of iftes The eflects of radiation from the 
molecules are also considered in the course of the work 

The rate of rotatmi of the plane of poUnieatmi m a magnetic field is also 
calculated, and the sign of the i otaiiou shown to depend on which 
atom has the large: mass If the musses ai e equal no rotation is pro¬ 
duced The work borders in some ways with Professor W Voigt's 
investigations 

The formulfiB obtained are appherl to the case of oxygen to obtain 
estimates of ejai^ and c lieing the charge and mi and the masses 
of the two atoms An estimate of a>, and hence of 2ro, the sum of the 
radu of the two atoms, is also obtauied Th^ value of ejmx agiee^ closelg 
immertcally with this ratio detained from electrohfttc consid'Craitmis^ while the 
valus of ejm^ agrees th»dg mth the mine iibtm}ml from emmderatum of the 
Zeeman efiect 


Fehnfanj 21, 1901 

Sir WILLIAM HUGGINS, KCB, DCL, President, followed by 
The LOBD LISTER, F R C S, D C L, Vice-Prcadent, in the Chair 

A List of the Presents received was laid on the table, and thanks 
ordered for them 

The following Papers were read — 

I* “An Attempt to Estimate the Vitality of Seeds by an Electrical 
Method ” By Dr A. D Walijeu, F R S 

II “ On a New Manometer, and on the Law of the Pressure of Gases 
between 1 5 and 0 01 MiHimetres of Mcrcmry ” Bv LoBD 
Raylkigh, F R.S ^ 

III. “An Investigation of the Spectra of Flames restating from 
Operations in the Openjhearth and ‘Basic’ Pro¬ 

cesses." By Professor W N Habtley, FJIS, and Hugh 

HAIUlGE. 
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An Attempt to Eslt'iimU the VUalttff of Seeds 

IV ThoMmerttlConetituentfi of Du»t and Soot from vanous Sources,” 
By Profeeacr W N Hartley, F B.S, and Hugh Bahagk. 

V Notes on the Spark Spectra of Silicon as rendered by Sibcates ” 
By Professor W N Harti.ey, F B.S 

VI “ On the Conductivity of Gases under the Bocquerel Rays ” By 
the Hon E J Strutt, M A, Follow of Trmity College, Cam¬ 
bridge Commiuiicated by IjORD Rayi EUiif, FES 


" An Attempt to Estimate the Vitality of Seeds by an Electrical 
IHethod ” By Augcmus D Waller, M D , F E S, Eecen e*l 
January 28,—Bead Febiuary 21,1901 

The present observations form part of an extensive senes of experi¬ 
ments by which I am engaged ui verifying whether or no blaze 
currents may 1)o utilised as a sign and measure of vitality 

An inquiry of this scope necessitates superficial examination of 
many varieties of lunmal and vegetable matter, and the closer study 
of certain favourable test-cases 

I have selected os such a test-case, the vitality ” of seeds, and have 
chosen for my purpose beans {Pfuiseohitt) which aio anatomically con¬ 
venient and practically easy to obtain of known age 
But before entering upon the results m this particular test-case, 1 
think it advisable to preface those results by a bnef mdication of the 
pnnciple m\olved m all such expenmeuts 

The method of investigation is similar to that adopted m the case of 
the frog’s eyeball,^ the complications of the pnnciple and a tentative 
explanation of such comphcations is reserved for future discussion in 
a more oomprehonsii e memoir 

By “blaze current” (the term which I was led to adopt by the study 
of retinal effects) 1 moan to denote the galvanometncal token of an 
explosive change locally excited in Imng matter An unequivocal blaze 
current electncally excited is m the same chrection as the exciting 
current, t*e , it cannot bo a polansatxon counter-current (An equivocal 
blaze current, in the contrary direction to the excitmg current, « e , not 
at first sight distinguishable from a polarisation counter-eifeot, also 
exists, but IB not taken into consideration m this communication ) 

* A I) W—"On the ^Blase Cuvreslt* of the Frog’a Kyobsll,” *Eoy Hoc 
Proo./ vol 67, p 489, and * Phil Trane / 1901 
Although the theoretical explanation of these enmnte it not now in que 0 tion, 
it may here he remarked tliat the unequirooal or homodrome hlaaa current is 
probably of local post jmodio origin (the prevtoasly anodic spot being now stronglr 
ekotro-positiTO to the previously kathodio spot), while the equivocal or betero 
drome blase cuxrent is probably of local post-ikathodie ongin (the pmmiuly 
kiUiodio spot being now strongly electro pomtive to previously anodic spot). • 
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Hie praBeuee of an unequivocal or homodrome blaze current is in 
my expenence proof positive that the object under exasaoination la 
aln^e. Absence of the effect is strong presumptive evidence that the 
object IB “ dead,” or rather not-living It may be in that paradoxical 
state of immobility Mhich uve charactense as latent life, and which wo 
may not charactense as the living state, inasmuch as no sign of life 
IS manifested, nor as dead, inasmuch as the Imng state can bo resumed. 
An object in this dormant state exhibits no blaze current ” or other 
sign of life And although it has capacity of life, and cannot therefore 
lie classed m the category of dead ” things, it is not actually luing, 
and must therefore logically be classed in the more extensno categoiy 
of not-lmng things 

Linntmg ourselves to the unequivocal blaze current as the entenon 
between the liMiig and not-livmg states, we may formulate the follow^< 
mg practical rule for a summary interrogation of any gi\en object — 
If the after-aivrents arouaed hy tnugle tndmed mrents of both dtrertwn4> 
HI e in the same dtrerhon, the olyeri investigated u alivr 
Practically, by reason of the fact that most objects of experiment 
are not physiologically homogeneous, this rule finds fiequent appbea- 
tion, inasmuch, as there is a favourable and an unfavourable direction 
of response, which occurs in theformordirection, whether the excitation 
happen to be in the former or in the latter {e g , olectneal organs, cye- 
l>all, skin, injured tissues animal and vegetable) 

In the case of objects that are physiologically homogeneous or nearly 
HO, the after-currents to both directions of exciting current may be 
homodrome, le^ot the nature of imeqiuvocal blaze currents In such 
case it generally happens that the two opposite reactions are more or 
less unequal, by reason of imperfect physiological homogeneity of the 
mass of matter under investigation It rarely happens that the 
physiological homogeneity is such that the tw'-o unequivocal blaze 
currents are quite equal and opposite 
So that the diagnosis of any suitable object as to its state of life or 
not-life rests upon the three following types of response — 

L Both after-currents aroused by smgle induction shocks (or by 
condenser discharges) of both directions are homodrome to the excituig 
currents From which it is to bo inferred that the object is living. 

2. Both afterHJurrents are in the same direction Tto object is living. 

3. Both after-currents are in the polarisation direction The object 
IS not-hving 


Direction of exciting current 


Direction of after-current (1) - -- 

» >9 ( 2 )* - 

.. {2f -- 

(3) 


+ 


fy 
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The three cases are mdicnted as above, and it should be stated that 
in addition to the test of direction, eleotromotne force (which on niy 
plan of investigation can always be approxunately ascertained) senes 
to make the diagnosis easy in the great majonty of instances The 
electromotn e value in the case of an ordinary blaze current greatly 
exceeds that of an ordinary polansation-ciirreiit the former on 
vigorous seeds mav reach 01 volt, while on the same seeds the 
polarisation-current minilarl}^ oliserved, was between 0 0005 and 
0 001 volt) It IS onlv in the case of weak or moribund seeds that 
there is any room for uncertainty in the answer, by reason of a weak 
blaze current in conflict w ith the weak polansation-current But the 
vitality of such seeds, itlthough we ma^ be unable to assert that it has 
fallen to the zero lei el, is insufficictit for genninatioii, and os tested in 
the inculiator at 25"" nneh seeds have to 1)6 registered as dead 

The pnncipal points of the preceding statements may lie illustrated 
iiy the following experiment, which I give as being typical, the 
expressions ‘^positno” and **negati\o” signify that the currents 
respectively pasb upw ards from B to A, or dow awards from A to 6, 
through the seed 

Typical Evjtmmni —A freshly shelled out and iinbnusod bean set 
up laterally* between unpolansable electrodes gives— 

1 Blaze current in the positive direction in response to an induc- 

• I havo giTon this topical oxporunant only to irepresent mam facts without 
details oonoermng diAerenoes according to strength of excitation, interval between 
SU 0008 S 1 TP excitations, temporary abolition by excessive excitation, recovery of 
oapocity for reponse after injury, &e, &o These and other points will be dealt 
with m a more detailed and oomprehensivo account of the phenomena It should^ 
however, be remarked at this stage that the lateral position of a bean, so that an 
exciting current trarerses both cotyledons normally, is chosen as being the least 
a^mmetncal aud bT reason of the situation of the embryo less liable to involve 
pliysiologioal inequality than a longitudinal disi>ositton The oonipanson of effects 
on the embryo proper and on the detached cotyledons shows that although all parte 
of the seed give the blaze effect, the latter is greater m the embryo than m the 
(otyledouB at the outset of germination, and that m an abortive gormmatioa ll 
disappears from the embryo sooner than from the cotyledons * e •— 


Cot 1 

Radicle 

Cot a 

OD050 

ml 

0*0060 

0-088S 

O-OUN) 

O-OWO 

0 ooeo 
0-0016 
O-OMO 


The plumule gave generally a emaller effect than the corresponding radicle^ 
The pMled«off testa gave no Kace whatever^ and was evidently dead; its 
poleirkattoiii eounter-eamnts were reUtfr^y ecmsiderable. these and other 
^eaeoM I prefer to test the isolated xedirieiwtbcr thantimenti^ , 
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1 A compensator to balaace any uc^idontal current in cin uit and to meaanro 
E M F of reaction 

3 An induction ooil to supply the hIjiiiuIun, preferably a single break shock, 
the make being cut out 

3 The object under examination 

4 A galvanometer 

The procedure is as follows — 

With 8 and 4 unplugged any cun ent that mny bo present m the object is ehown 
by the galvanometer Such onrrent is balanced by manipulation of the oom- 
fiensator unplugged at 1 When exact compensation is obtained the galvanometer 
4san be plugged and unplugged at 4 without any dellection from aero. 

With the galvanometer plugged at 4 a single induction shook is now sent 
through the object (with 1, a, and 8 unplugged) Immediately aftwwards the 
galvanonuto is unplugged, and the dedeotion (caused by the after ourrent) w 
noted 

The E M F causing it is approximately estimated hv comparison with the 
deflection by a known E M F from the compensator 

Iron Bhock in the poeitave direction, and m the n«gi^Te directxni in 
reepoiiRe to an induction ehock in the u^;ative direetioii. 

• 2 The sane henn after removal of a horizontal aUee from ita under 
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surface B (gii\’iiig therefore current of injury of positive direction) 
gives blaze currents in the negative direction in response to an induc¬ 
tion shock in the positive rhrection (« an equivocal blaze in the 
polarisation direction) and to an induction shock in the negative direc¬ 
tion (» an unequivocal blaze in the homodromo direction) If the 
l>ean is honzontally shced at the upper surface A instead of at the 
lorver surface B, the current of injury is negative and the blazi* 
currents positive in response to lioth threetioim of excitation 

.1 A boiled bean gives no blaze currents in either direction but onh 
Kmall polaimtion countei-currents, in the positno direction after a 
negatnc current and m the negatue direction after a positive 
current 

The next obMous point to bo tested is the effect of anaasthotics 
upon the response The results depend upon Mrongth of excitation 
employed, and duration of anessthetisation CWms jotinhits, the strong 
effect of a strong stimulus is far more refractory to the action of an 
ana^thotic than the smaller effect of a weaker stimulus, and in the 
formci case the suppression is apt to ?>e incomplete, or when complete 
to be definitive To obtain temporary suppression it is necossaiy to 
choose a sufficient but not too strong exciting current, and to anaesthe¬ 
tise by other rather than by chloroform 

In a preceding paragraph it has been mentioned that afresh \ igoious 
seed gives a large blaze current, whereas a stale or moribund seed gl^es 
little or no response The next step was obviously to compare similar 
seeds submitted to various enfeebling modifications, as well as different 
crops of similar seeds, the electrical tests being controlled by parallel 
germination tests 

The first and most readily efiected companson is that between the 
reactions of fresh seeds and of the same seeds lulled by boiling The 
result of this comparison is unmistakable and invariable Fresh seeds, 
giving unequivocal blaze currents with an £ M F, of 0*01 to 0 10 vdt, 
give no blaze currents whatever after they have been boiled, but only 
polarisation counter-current with an £ M F of 0 0005 to 0 0020 volt 
The seeds upon which I have made this test have been legununoua 
seeds, such as shelled beans and peas boiled in water, and the kernels 
of stoned fruits such as chomes, plums, and peaches boiled in their 
protected state * 

* The reaction u abolished at a temperature oonsiderably below that of boihng; 
water; , at a temperature of between ¥f and 50* of a warm moist chamber 
Kbis SOM Sowton has carefully inTestigated this point and that relating to the 
eil^ of s&KBtheUes, by aid of photographio records, which are in fact indispens¬ 
able in oonneotion with these two points It is also abolished by oongelation 
(at 8*to -^5°), which causes a sudden large electromotive effect at this pomt 
On foeovery of normal temperature no blase ean be obtained, and on vMNmgcktIoa 
there u no eLeotromotiTe effect at the ontieal tmuperuture i 
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My attention at this early stage of the inquiry has been chiefly 
diro^d to the detonoration cS. seeds with age and to the companson 
tider ne of sots of seeds of certificated yeais by means of the germimv- 
tion test and of the blaze test used quantitatively 

I selected beans as being of suitable bulk and readily obtainable, and 
I have to thank Messrs Sutton for supplying me with many different 
samples of known dates After a considerable number of trials upon 
entire seeds vanously orientated between the electrodes, soaked in 
water of various temperatures for various periods, and upon the several 
isolated parts of aee^, I fixed upon the following procedure as cou- 
'vemently yielding senes of numencal results comparable utter r 

The “dry” beans are first soaked in water for twel\e hours in an 
incubator adjusted at 25** C, then laid upon moist flannel and replaced 
HI the incubator for examination during the next day Each bean was 
then peeled and split, and the radicle was caicfully broken ofi and placed 
lietween the clay pads of the electrodes (fig 1) so that the uninjured 
apex was in contact with the upper electrode A, and the fractured 
base with the lower electrode B With this position wo have a 
“ positive ” current of injury from B to A, and have to expect a “ nega> 
tive blaze ” current from A to B in response to excitation In order 
that the response shall l)o “ unequivocal,” the exciting current is taken 
of negatue direction Td ensure maximal effect a stiong current is 
taken, viz, a break induction shock at 10,000 units of Berne coil 
And inasmuch as a current of such strength repeated for a second time 
shortly after a first tnal produces little or no effect, and even when 
lepea^ after a considerable interval a much smaller effect than at its 
first application, it is necessary to take for the purpose of numencal 
companson exclusively the values obtained at first trials To this end 
It may bo necessary to shunt the galvanometer to such an extent ikat 
the blaze effect to be expected from the first excitation shall give a 
deflection within the scale, a second trial when the first tnal has given 
a deflection off scale, is of no value whatever* 

By adoption of uniform conditions on these lines, comparisons may 
profitably bo made between diflferent senes of results But at this 
early sta^ of the inquiry, not knowing what conditions it might be 
jtdvisable to select, I have been forced to vary them in tentative direc¬ 
tions, by variation of strength of excitation,* of length of soakage, and 


* To avoid exbauBtion by oarrenti, obd to obtain a vognUudy xepeiled 

aene* of effeota, 1 find that oondenier ditoharges ore more aiiitable than indue- 
tumahocslui The duobarge of 1 mioroforad charged by two LedanobdoelUf* about 
40 ergs) uaually give# a convement normal rifeofc upon which to investigate Um 
eSeoU of temperature variations, and of anvstbetio vapours 
1 find It preferable to use tlie radicle some boon after it has been brokm 
by wkkib lime its current of ii^uiy has subsided, and blase ciCrrents ora obtainable 
both dimoticmsr 
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d interval between soakage and examination These departoies from 
atnct unifomuty, while affording necessary infonnation, reatxict legiti¬ 
mate comparisons to data within each partacolar table , compansons 
from table to table may not be safely made 


Via 3 



Fbetograpliio record of an unequivocal blase current of the radicle of a bean 
(1900 crop) Excitation b; a strong break induction shook in the A to B or 
negative direction IXumodrome response of 0 07S volt 


With r^rd to the germination tests, they have been earned out for 
the most pai-t upon similar lots taken from the same parcels as those 
from which other seeds were taken to be electneaUy tested as desenbed 
above This latter required each seed to be broken np and rendmod 
unfit for germination I think that the parallel pair of teats made 
upon twin lots of different individual seeds is nearly as conclusive as if 
both tests had been made upon the same individual seeds— mde, e g , 
Table I Nevertheless, to meet the entimsm that this proof is not 
conclusive, I have obtained three senes of data in which the electneal 
and germination tests were earned out upon the same individual beans 
In all three senes I previously determined tiie coeffldent of each intact 
seed by the blaze test, the ger^nation test was subsequently earned 
out in one senes at Kew the stqiervision of Sir W Thiselton- 
Dyer (Table VII ), in a second senes at Chelsea under the supervisioQ 
of Prafessor Fanner (Table VIII ), and m the third senes mysdf 
hr Jtty own laboratoiy (Table IX) But I find it for less sati^aotory to* 
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make the electrical test upon an entue seed with unknown local bruises 
] eceived during its fresh state or in course of preparation, than upon a 
previously protected portion of the seed i^ith au obvious injured end, 
as in the case of the radicle fleshly exposed by separation of the cotyle¬ 
dons, and nipped 06* ** at its luse immediatol} * liefoie an observation is 
made Moreover, in the former case the current-density is smaller, 
the blaze effects are r6latl^ cly less considerable, and the polarisation 
counter-effects relatively more considciable And, finally, irregulaniies 
due to irregular distnbution of i^ateif are moio liable to occur in the 
comparatively largo miiss of an entire seed than in the comparatively 
small mass of its remo\ed raihclc 

Table I —Comparison between Radicles of Bean Embryos of the years 
1860 and 1899 In otich case the seeds were soaked in water at 
room temperature (15* to 18“) for 24 hours before exjienmcnt 

NB—In theso and all Buhsoquimi expermiontK tlie radudiS'Hcre disposed aa 
deaenbod m the text, nitli uninjured apox to elodrode A and fractured base lu 
electrode B (Sg 1) Excitation is br a niiglo break induction shock of a Berne 
coil, fed by two Leolonclie eellH, 10,000 units, negative direi tiou from A to B 
The blaze current » in the same (negative) direction, i e, 10 unequivocal 
The galvanometer was shunUtd to such an extent that T^^th volt gave a defteo 
lion of 4 cm of scale At this degree of sensitivonoss polarisation currents are 
praetioallv illegible 


Seed 

1660 

Seed 

1899 

No 1 

0 

No 11 

-0 0760 

1) ® 

0 

.. 12 

-0 0400 

» 8 

0 

13 

-0 0700 

.. * 

0 

» w 

-0 0600 

.. 8 

0 

„ 15 

-0 0850 

” S 

0 

„ 18 

-0*0860 

» 7 

0 

» 17 

-0 0100 


0 

18 

-0 0176 

If 9 

0 

» 1® 

-0 0800 

» 10 

0 

.. 20 

-0 0076 

Average blaze 
Q-eniunation 

0 

0 per cent ^ 

1 

-0*08700 

100 per cent 


• Or some boors previously (mde note on p 84), although m such ewe the 
radicle has appeared to be more rapidly exhausted by repeated stnnulation 
t Beans soaked unequally (at the end of tweuty-four liouri) give blase ounrents 
from more soaked to less soaked portions and not otce verud A beau that is left 
for several days in water becomes water-lo^^ied and finally deeomposes Such a 

**drowned" bean will not germinate no^ ,lve any blase whatever A bslf« 
drowned bean gives blase only toy wds the f <owiti.a (or more soaked) half. 
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8T 


Seed 

1899 

(after three days 
m water) 


Seed 

1809 

(after four weeks 
soaking 10 water, 

9 e , ^ting) 

1 

No 21 

-0 0300 

No 

31 

0 i 

.. 22 

-0 0160 

tt 

32 

0 

„ 23 

-0 0200 

n 

83 

0 

» 24 1 

1 -0 0200 

ij 

34 

0 

25 ! 

1 -0 0250 

•I 

3i> « 

0 

» 26 j 

1 -0 0100 ' 

ft 

86 

0 

„ 27 ! 

-0 0100 

ti 

37 

0 

28 

1 -0 0250 1 

ft 

38 

0 

.. 29 

-0 0175 , 

It 

30 

0 

30 

-0 0200 

tt 

40 

0 

Arerage 

-0 01925 

1 



0 


Sefnarkif —The swhIb of 1860 gave no blazt currents^ nor any sign of germina¬ 
tion All those of 1809 gave blaze carrents and germinated vigorously In con¬ 
sequence of prolonged immersion under water, other seeds of 1899 became water* 
logged, and finally gave no blare current nor sign of germination 

Four wc( Vs IS not u minimum time 1 have found beans to be without excep 
tion completely drowned at the end of 5 days* immersion in water at 2S>% and tlw 
period has probably not been a mmimum The shortest time of soakage after which 
I hare observed the blaze has been one hour 


Table II —Comparison botwoen Beans of the years 1895 to 1899 
Forty-eight hours* soakage at room temperature Averages of 10 
seeds of each year Germination test not made 



1895 

1896 

1897 

1808 

1899 

Weight of 10 seeds— 
B^ore eoakmg 

grammes 

6 2 

5 8 

6 2 

3 3 

4 8 

After soaking 

13 9 

7 h 

12 *6 

. 

6 4 

10 6 

1 Avemge blaze 

0 0014 

0 0036 1 

1 

0>0046 

1 

0 0052 

0 0170 

1 


Table III —^Do, do Time of soakage not noted (1 36 hours). 
October 15 


i Average blare 

0 0008 

0 0027 

0 0031 

0 0085 

0 0086 

Table IV—Do 

W 

^but a diffisrent senes. 


{ Average blaze 

0*0080 

0*0098 

■ 

0-0083 

0 0240 

0*0800 


VOL. LXVin H 












$8 Dr A D Waller An Attempt to Xetimate 

Table V —Another serien of three years (dates not known with 

certainty) 

I ' 1896? 1897» I 1899 


Arcrage of 10 obsm ationM— > 

On cntirt* stHidH ' 0 0002* — 0 OOH (imgiilar) 

On separated radicles I 0 0007* ! 0 002B 0 00o6 (regular) 

Oermmation '\hIuc i 55 per cent ! 75 per cent 00 per cent 


Table VI — licruis (nwlide^ only) of two years, 1895 rind 1900 

1895 1900 1900 

Sualced for Souked lor Soaked for 
j 8—5 hours S —5 hours i 12 hours 

I_ 

0 0016 ' 0 0120 , 0 ()610t 

I irregular , 

* 100 per tent 100 per cent 

I “weak” “strong” , “strong” 


Average oi 10 obscrrntious 
Gomunation valuo 


Table VII—Twelve Intact Beans of 1895, soaked in i\atei at 24“ for 
12 hours, then laid on wet flannel in imulmtor for a further 
12 hours at 24 measured electrically on December 17, and for¬ 
warded toKew for independent test by geiminution I ha\o to 
thank Sir W Thiselton-Dyer for the account of their sulisequeut 
behaviour* 



Bean No 

1 .. 

0 0050 

tf 

2 . .. 

0 0025 

II 

3 . . 

0 0175 

>1 

4 

0*0125 

It 

6 

0 

» 

6 .... 

0 0100 

II 

7 • • 1« 

0 

II 

8 

0 0100 

II 

9a* • « 

0 

91 

10. 

0 0050 

» 

11 a 

0 0100 

« 

12 a . 

0*0100 


Subsequent behaviour at Kew 


Date of germination i Condition 


December 28 
Failed 

December 22 
December 27 
Failed 

Detomber 22 
haded 

December 25 
Failed 

December 81 
December 24 
December 24 


WeekJ 

i Strong 
I Moderate. 

[ Strong 

I Strong 

WeakJ 
Strong 
Strong 


XU in the OMe of the entire seeds 

th« uritluucbcsl mean of the lenee of 10 fa of wrong-ie., of r«w>*.T-T i 

a' «”*** of ta the Mdide. WM teetod and found to be 

within the Unuti of 100,000 and 800,000 

t The aveiage value obtawedfiram 80 entuabeanewM 0*0040. 

ntaximnu value obiewed on the ndidee <a 1000 «m 0 *1800 

5 IboteawW weak •» not lihdy to get beyond the oo^fadM'eta**. 
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r.ilile VllI —InUtt JScrins of 1S9 j and of 1900, tested Electrically hy 
])r Ballot, and hiilmequently forwaided to Professoi Farmer at 
Chelsea for .in independently (Termination Test 


1805 

A< (ifl< nhi] 

, t iirrent 

t ' 

Elcctncal response 


J’\i + 

Exc - 

~ 0 1 riuiniitioii 

1 

1 

No I 

-0 0018 

-0 0003 

+ 0 0017 

j Xom 

, 2 

-0 0023 

-0 0012 

-0 0031 

j , 

II J 

-0 OOOl 

•f 0 0(X)4 

+ 0 0003 


n ^ 

-0 0014 

-0 t)O02 

4 0 0003 


II 5 

-0 (X>77 

+ 0 (MXW 

+ 0 0032 


; <>* 

—0 0022 

~0 (H)0l 

, +0 0003 


1. 7* 

-0 <MIU) 

-0 0002 

+ 0 0002 


1. s 

+ 0 0009 

•♦‘O 0038 

-0 0015 



-0 OUK) 

+0 oon 

+ 0 0070 

,1 

II 10 

-0 ima 

+ (» (KKn 

-0 (X)1H 

It 

1900 

» 




No 11 

, +0 CK)10 ' 

+ 0 0125 

1 -0 0075 

Yes 


+ 0 (XK).> 

0 

0 

. No 

II 13 

' -0 (020 

+ 0 0005 

+ 0 0020 

Yes 

,» 14 

-U 0205 

+ 0 0013 

+ 0 OllXJ 

1 r» 

15 

1 +0 0f»25 

-0 0040 

-.0 0U5 

i 

,1 16 

' -(» (K>70 

-0 OOlO 

+ 0 (xm 

' Ko 

I. 17 

-0 0105 

* 0 (XKiO 

4 0 (X)24 

Yes 

18 . 

-0 (X>2> 

+ 0 <Kr,o 

-0 0050 

No 

,1 19 . 

, -0 

+ 0 0012 

+ 0 OOH 

Yps 

, 20# . 

I -0 0025 ' 

-0 0003 

+ 0 (X)0} 

No 

U — — 

1 

— 

_ 

__ _ _ 


With regard to the second senes Piofessor Farmer renuuks that he 
ilocs not attach much \alue to it, since the seeds were kept cool at first 
and otherwise moie might have germinated Nos 14 and 18, according 
to the blaze test, should have germinated, but did not do so A seed 
gning blaze may fail to germinate, but I have as yet met with only one 
case of a seed giving no blaze, and subsequently gm'minatmg (No 4 of 
Table X). 


H a 


* Kofi, e, 7,12, and 20 had been pmlcaiflly boiled 
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Dr A D Waller An Attempt to JSduncUe 


Table IX—Intact Beans of and of 1900 tested Electncally and 
subsequent!} by Gcrniuution Ilesults 



1 Eleitricul 

responsi' 

1 1 
1 

1 1 

1805 

Kxt 10 ^ 

hxi 10,000- 

Q-( rmmatiott j 

1 

No 1 

, -0 ooo<> ; 

-0 onu 

1 

None 

M -2 

' +0 00U2 I 

+ 0 0(t06 


.. 3 

-0 0004 

-0 0(M)3 


4 

' 0 

+ 0 0010 


.. 5 

—0 uno7 ' 

-0 0002 


1 

+ 0 0iiu7 

+ 0 0016 


» 7 

0 1 

tO 0(M>8 


„ 8 

[ -0 0008 

-0 0010 

'' 1 

.» » 

! -0 ooof) ; 

-ootis 

* t 

„io 

1 u 

-^0 OOU 

- 1 

1900 

i 1 


1 

No 1 

1 +0 0054 

-0 ooao 

Ym I 

„ 2 . , 

1 +0 0021 

-0*003(» 

1 

» 3 • 

1 +0 (X)82 

-0 (K)22 

n 

, j 

»j 4 

1 -^0 OOiJ 

-0 0016 

II 3 

] -rO-OOSS 

-0 IKUO 


II 3 

1 +0 0008 

-0 0042 

' 1 

1 

II 7 

0(’U8 ' 

-t-0*0004 

No 

ji 8 • 

+ 0 CKKVt 

-0 0006 

-i«. ! 

11 9 

+0 oir»5 

-0 0104 


II 10 

+0 0025 , 

-0 0fU5 1 

1 1 


In my hands and in those of Biofesso’’ Faimer the germination (in 
earth) of this 1895 sample was ml The electrical response was 
throughout small and irregular A fin thei test of germination made 
on moist flannel in the incubator at 25 ga\e 40 im cent as the pro¬ 
portion of seeds exhibiting any sign of actnit} 

The second senes of this table gii.\G a \ery striking and satisfactory 
result Of the ten seeds all but the seventh had given clear electrical 
signs They were planted in two regulai rows and left undisturbed iri 
a greenhouse for one month At the end of this time the box con¬ 
tained two iws of nine ngorous plants with a gap opposite the 
number 7 o rr 
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Table X—Beans of 1900 crop {Phumdws?) soaked in water for 
12 hours, then incubated for 12 hours Tested electrically 
(+ Br 10000) on January 28 Incubated on flannel and oljservcd 
on January 31 and on Fcbruaiy 4, when they were again tested 
electncallv 



Junnarv 

Blaze 

Janiiorv 31 
Gemnn 

I 

1 February 4 
' Radicle 

Blase 

No 

1 

> i>OOCl50\olt 

Yes 

J 

1 Lar^rc 

+ 0 0124 


2 

0 

No 

1 None 

-0 0002 


3 

+ U0035 „ 


1 Small 

-0 0023 


4 

-0 0002 „ 

No (.4pp Fob 3) 

, jMo<l 

+ 0000B 


5 

+ 0 0U13 1 

1 Yes 

1 Mod 

-ooooe 


c 

> -rOOt)50 „ 1 

1 Yes 

1 Largo 

+ 00050 


7 

-U0005 „ 

' No 

None 

-0 0002 


8 

-0 

1 No 

‘ None 

0 


0 

> + 0 0050 „ 

1 Yes 

* J.urge ' 

>+00100 


10 

? +0 0050 „ 

i Yts 

, Laige 1 

+ 00080 


Coxci i*sn)X 

'rhe physiological chanutei of the blaze i eaction is proved (1) by the 
influence of uused temjieiciture, (2) by its general paiallehsm with 
germination tests, (2) by the influence of lowered temperature, (4) 
b^ the influence of .insesthetics, (5) by the influence of sti ong electrical 
currents , (6) by the absence of blaze and failure of germination in the 
case of water-logged seeds In every instance a bean giving no blaze, 
gate subsec|uently no sign of germination 

There haslieen thioughout these first obsoivations a general, but not 
faultless, coiiespondence, as regards magnitude, between the blaze 
T eaction hikI the gemunative activity The correspondence is such as 
to make good the piincipal fact that the blaze reaction is a sign of life, 
and that its magnitude is some measure of what we designate as 
“ vitality ” The defects of conespondence may have been due to irre¬ 
gularities in the results of the blaze tost, or of the germination test, 
or of both tests As regards great differences of vitality, both tests 
aie obviously and in every case concordant, both replying by an 
indubitable “ yes ” or ** no ” to the question whether there is Maze and 
gonmnation As regaids the lower degrees and the smaller differences 
of vitahty, the chances of disagreement between the two tests are 
obviously gi eater As regards the electrical test, it is more difficult to 
take the jptieasure upon the entire seed than upon its isolated radicle. 
As regards the germiiiatioii test, it is not always easy to ensure 
identical and optimum conditions. 

Fresh and vigorous seeds manifest a large blaze response (0*0500 ^ cilt 
or more), and germinate strongly Older and less vigorous seeds mam»* 
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foBt a smaller blaze (0 0100 volt oi less), and a less active germination. 
Still older seeds,incapable of germiuiition under even the most favouiable 
conditions, manifest still sinalloi blaze (0 0010 volt or less), and finally 
none at all, or the small coiintci-effect due to i)olan8ation (0 0005 Aolt 
more or less) 

The senes of coinmumcatious, of which the piosent coniuuuncatum 
is the 12th, is .is follows — 

1 ** On llic RttiiiaL Cuntnt<« of tin troK*" Ixcilod b> Li^hl and Extibd 

Elwtnralh” ‘Ro> So< Prot,*\ol fi0,p 327, March 20, lOOC*, *Phxl 
1 miw ,* p 123, leoO 

2 “ At lion filedromotnt t do la Suhstaiitt \ tak toupVutne a I’Pxcilatiou 

LuiniHouse,” ‘(JonipttH Rondn** dt la Sotnti de Biolo^u,* p 842, 
Marth dl, 1900 

3 ** The Bloctrical Kffotts of Light upon Itwtn henseH” *Ro\ Sot Proi / 

>ol 67, p 129, Juiit 14,1900 

4 ** Four Observations tonceruing tlu Electrical Fifocts of 1 ight upon Grtt n 

Ltaves ** ‘Phvsiol Sot Proc ’ Jiuii 30, 1900 

5 *' Lt Demiei Signt do Vu,** ‘CoixipUs Keudu« dt I’Acad mu des Scitmts,' 

September 3,1900 

0 *'On tlu Excifcabihtv of Kent its last Sign of Lift,*'* Piomdings of the 
Neurological Socutv,* October 25,1900, “Brain," p B42 

7 “ Tlu Byeball ns an Electrical Organ," ‘ PhvHiol Sot Prot NoTcnibar 10, 

1900 

8 “ On tlie ‘ Blase Currents' of the Frog's Eyeball" ‘ Bov feot Pioc ,* vol 67, 

p 439, December 6, 1900, ‘ Phil Tiain 1901 

9 “ The Frog's Skin as an Electrical Organ,” ‘ Pli v siol So( Proc / Pet ombe r 8 

1900 

10 Action filectromotriec des ft miles Vertts sous I'lnfluence de» Lumieres 

Bouge, Bltm ot \crtt,” 'Comptea Bind us de la Sol let de Biologie/ 
December 22, 1900 

11 “ Le Premu r Signt dc A le," * Compfes Bendus dc V A( ademu des Sciences * 

December 24,1900 


“ On a New Manometei, and on the Law of tlie Piessuie of Gases 
between 1 5 and 0 01 Milhmeties of Meicury,*' IJy Lukd 
EA l’^LKmii, F E S Kecen ed Januaiy ir>, —Kead February 21, 
1901 

(Abstract) 

The new manometer, charged with mercury, is capable of measunug 
small pressures to an accuracy of 1/2000 mm of meremy This may 
be compared with the ordinary manometer, read with the aid of a 
cathetometer, which is capable, iiccording to Amagat, of an accuracy 
of 1/100 mm at most 

• this iiistrumeiit the behatioui of nitrogen, hydrogen, and 
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OX} gen gaseft between the prosflures mentioned has been investigated* 
The results confirm the applicability of Boyle's law In the case of 
OX} gen nothing has been seen of the <inomaIies encountei*ed by Bohr, 
especially in the neighbourhood of a pressure of 0 7 mm 


“ All Iruostigatum of the Spectiaot Flames lesulting fiom Opera¬ 
tions in the Open-heaxth and‘Basic' Bessemei Processes” 
By W N Hauilkv, F B S , l?o}nl College of Science, Dublin, 
and HlMi Bamaok, ABUScl, St John's College, ('am- 
biiclge Becened November lf>, 1900,—Bead Febiuaiy 21, 
1901 


(Abstract ) 


Three papeis on “Flame Spectra,” by one of the authors, were 
published m the ‘Philosophical Ti ansae tioiis' foi 1894 Paits I and 
II, “Flame Sfiectia at High Tempeiatures,” and Part III, “The 
Specti ostopic I’heuomona and Theimochemistr} of the Bessemei 
Pro( ess ” The i esults m the last of these jiapcrs had reference to 
the phenoiueiiH obseiwed m the flames of the “acid” Bessemer 
process, the present papei deals maud} with an investigation of 
the Thomas-Gilchust or “ Imsic ” process 

The Cleveland district of Yoikshire was chosen as the pnncipal 
centre, owing to the interest taken in the woik by Mi Aithui 
Coopei, Past President of the lion and Steel Institute, and in con¬ 
sequence of the courtesy and attention shown us, the North Eastern 
Steel Company's works at Middlesliwmgh were selected 

It was found necessary at the outset to have throe obseneis at work 
simultaneously, and the authois wore voluntanly and abl} assisted by 
Mr E V Clark, A K S M Photographs of the plant and the flames, 
at diflerent periods of the blow, weio secured by means of a small 
Anschutz camera and Goertz lens, eye observations were made with 
a small diioct-vision spectroscope, photographs of spectra were taken 
with the spectrograph descnlxed in ‘Philosophical Transactions,' A, 
vol 185, p 1047, and the times of the exposures, <&Cm were olxserved 
and recoi*ded in a note-book This w^ork was not accomplished with¬ 
out some difficulty, which was occasioned by the large quantity of lime 
dust blown into the air 

The spectroscopic results were quite different from those previously 
obtained, as the continuous spectrum was much stronger. Many 
lines and bands new to the Bessemer flame spectra bare been observed 
in addition to the spectra of the common alkali motMs, iron, and 
manganese. Thus rubidium, cnsium, calcium, copper, silver, and 
gatlimn have been identified The cmde iron, the ores, limestone,^ 
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Uirit., ^lags, flue dust, and the finished steel have all been analysed, and 
their constituent elements have been traced all through the process 
of manufacture* 

While no indication was ohtained of the amount of phosphorus ui 
the metal during the process of “ blowing,” some insight into the 
chemistry of the piocess has been obtained The greatest interest, 
however, is attached to the knowledge it has given us of flame s^iectra 
under vanations of temperature, and of the wide distribution of many 
of the rarer elements in minute proportions in ores and common 
raineials * 


Coui/Hnaan of Spe<t)u fiOta Opcn-htmfh tml Cnpoh Funmus 

Eaily in 1896, by kind permission of Mr F W Wc]>b, the flame 
o\ei the hearth of a Siemens' open hearth steel furnace m Cicwe 
iivorks W 1 W 3 examined specti oscopicaJly, but no lines of metals except 
sodium were detected The continuous spectrum of the light emitted 
by the walls was \ery strong, and extended to wave-length 3470 
Ob6er\ ations were also made at this time on the spectra <.»f the flame 
abo\e the charge in a cu][>ola While the blast was turned on the 
flame was bluish, and lines of swlium, Uthuiui, and jxiUvssium woie 
observed When the blast w.is stopped, the flame liecaine smalloi and 
whiter, and the lines of the aliove elements became strougci , the 
ends of the two strongest liands of ni.inganese were also seen 


JJmt/npitm oj th “ Blow ' mul Blow** tit the Bane Be^'semci 

Process 

The converter is first charged with about two tons of lime in lumps, 
and then with twelve tons of fluid ** mixer metal,” a mixture of metal 
coming direct from the blast furnace, and molten pig iron from the 
cupolas The blast is turned on and the vessel rotated into a nearly 
vertical position 

The “blow” may be divided into thieo stages The first stage ends 
when the flame drops, indicating that the carbon has lioen burnt The 
second stage ends when the vessel is turned down for a sample of 
metal to be taken out and the slag poured off More lime is then 
added and the blow is continued for a few seconds longer to complete 
the removal of the phosphorus, this forms the third stage The 
average duration of the first stage was twelve minutes and twenty 
seconds, and tA the second stage, five and a half minutes 

The blow began with the expulsion of a large quantity of 
dust, which hid everything from view for a minute or two and covered 

♦ ‘lUgr,Soo^Pw>o,,»voUeo,pp.86«iid898| ^Chem. Sco, Tran*,M887, pp. M» 
Sud 647. ^ 
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the instrumentB and observere A flame was \isibld at the mouth of 
the convertei as soon us the cloud of dust had cleared away ^ this had 
a yellow or yellowish-red colour The flame grew rapidly in length 
und remained clear as in the acid” process, until it dropped and the 
second stage hegrui In this stage the flame was very short, and a 
large quantity of fume was expelled from the vessel, the flame grew 
longer and the quantity of fume increased as the “ blow ” proceeded 

T\<vent}^-Hix plates of spectra wcio photographed, some of these 
Mere \ery sharp and gave a complete record of substauces present 
ni the flame at intci \ uls of one minute throughout the blow Care¬ 
ful measurements of the best spectra have l>een made, and tbe wave- 
lengtlis of the lincb and bands lecoided The others, not measured in 
detiiil, ha%e been fompand with these, but no lines or bands occur in 
them which do not rd-^o occur in the best plates A plate of spectra 
Uris usually taken by giving the same time of exposuic to each 
Kpectrum of the series until the flame (hopped , two further exposures 
w Cl e then made on the flame of the over-blow The spectra increase 
m intensity as the blow proceeds in the first stage, and this can only 
icsult from a coriesponding iriciCiise in the temperature of the bath 
(»f metal and ot the flame 

Much detjul was lost m many of the spectra, by the intorfeieuce of 
the light reflected fioiu a large quantity of white dust and smoko m 
the an in the neighbourhood of the lonverters The converter nearest 
the olweivers was the only one of the tom fiom which delicate detail 
w^as obtauiable, and this w^as only secured by working in the evening 
when the smi was \eiy low, or after it had set 

Considerable difficulty ivas expenenced in the idontitication of some 
of the lines and l»andb This was due partly to the comparatively 
small dispersion in the less refrangible poition of the green ancl red rays, 
by w hich lines and the sharp edges of liands were rilmost indistinguish¬ 
able on the stiong (oiitmuous spectrum In othoi cases, lines were 
piesent which had not been observed in flame spectra before, some due 
to uncommon elements, and others were relatively much stronger 
than a study of tbe oxyhydrogen flame and other spectra of the same 
metals led us to expect 


Con* 

(1) Lw sjffidut a7c not obnemul in tkv inv^nrlimrik fmmtr This 
16 attnbuted mainly to the fact that the atmosphere of the fumaoe 
16 oxidising, and under these conditions, as Gouy has shown,* only 
sodium gives a spectrum approaching in mtensity that which it gives 
m a reducing flame The D luw^ wrere observed by eye observation, 
but did not appear on the photographs 

• ‘ Phil Mag Tol 2, ISTY, p 160 • 
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(2) The ^phenomem of tike haste” Beesentei hhm titffer anmdefahU 
fiom those of the ** (md ”proee^ 

First, ft flame is visible from the conunoncement of blowinif, or as 
soon as the cloud of Imie dust has dispei’sed We conclude that tht 
immediate production of this flame is caused by caibonaceous mattci 
in the lining of the vessel, that its luminosity is due partly to the 
volatilisation of the alkalies, and to the incandescence of hme dust 
earned out by the blast 

Secondly, volatilisation of metal occurs largely iit an earl} ponoil 
m the blow, and ib due to the difference in composition of the 
metal blown, chiefly to the smtilloi quantity of silicon There la 
practically no distinct penod when sihcious slags «iie fotniod iii tht 
“basic” process, and metals aic volatilised reachly in the reducing 
atmosphere, nch in carbon monoxide 

Thirdly, a very largo amount of fume is formed towards the close cjf 
the second period This arises from the oxidation of metal and of 
phosphorus m the iron phosphide being productive of a high temiieiu- 
tiiro, but little or no carbon lemamiiig The flame is comparatn el\ 
short, and the metallic vapours earned up are biiint by the blast 

Fourthly, the “over-blow” is chaiacterised by a \ery powerful 
illumination from what appeals to be a Imlliant yellow flame a <lease 
fume IS pioduccd at this time cotuposed of oxidised metallu vapours, 
chiefly lion These paitides are undoubtedly of voiy minute dimen¬ 
sions, as IS proved by the fact thiit they scatter the light which falls 
on them, and the cloud casts a brown shadow, and, on a still da\, 
ascends to a great height The spectrum is continuous, but does not 
extend beyond waA e-length 4000 This indicates that the source of 
light IS at a comparatively low temperature, approaching that of a 
yellowish-white heat Wo conclude, therefore, that the light emanates 
from a torrent of very small particles, liquid or solid, at a yellowish 
white heat The “ flame ” can have but httle reducing power at this 
stage, and this, together with its low temperature, accoimta for the 
very feeble lines of hthimn, sodium, potassium, and manganese seen in 
the photographs, or by eye observations 

Fifthly, the spectra of flames from the fiist stage of the “basic ” 
process differ from those of the “acid” piocess in seveial particulais 
The manganese bands are relatively feeble, and hues of elements, not 
usually associated with Bessemer metal, aie present Both the 
charges of metal and of “ basic ” material contribute to these Lithium, 
sodium, potassium, nibidium, and csesiiim have been traced mainly to 
the hme , manganese, copper, silver wid gallium to the metal Other 
metals, such as vanadium and titanium, are not in evidence, because 
they do not yield flame spectra, they, together with chromium, pass 
into the slag m an oxidised state 

^ (3) Ihjfeiences m tits tnietmit/ of meialhc hms. The intensity of 
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tbe lines of my metal vanes with the amount of the metal m the 
charge, hut in BOine cases vaiiationfi of intensity occur among the 
lines of one metal as ohserv^od in the spectra photographed at Crewe 
111 especially is this the case with some lines in the visible 

spe< ti um of 11 on 

'i'hesti laiiations aio due to changes in temperature, as the tempera- 
tuic of the llcinie riae», some hues fade almost away, others liecome 
Btioiigei The changes aie moic maikecl in the arc spectrum and still 
moie in the sp^nk spectrum of iron 

Lines of potassium <ind the edges of niangauese bands arc shown to 
have 1)0011 ]nten^ltled bv the proximity of iron lines in some cases, but 
tins H (loubtiess a loMilt of Ioy, ihspeision The two Molet rubidium 
hues iieaih * onicidc with two lines of iron * 

tifif luif of infh ifitufh]( This line, wave¬ 

length nppioMinately 4042, \anes lu intensity wuthin somew^hat wide 
limits Ill fi given flame its biilhaiicy is incieased Ity diminishing the 
(piaiitity of iiictallu v«i 2 )am in the iiamo this does not appeal to 
depend altogetliei on the w'oakeiung of the continuous spectrum, it la 
piobably due, in ptiit at least, to the increased freedom of motion 
pel mittetl to the iiiolei ules of the metal 


“The Mineial Constituents of iHist and Soot tioia \aiiouB 
Soimrs” I >3 W N Hartley, F1?S, Itojal College of 
Science, Dublin, and Hiu,h Kamaok, AIK'SoI, St John's 
(College, Caiubiulge lleceived Koveinbei 20, 1900—Head 
Fobruarj 2i, 1901 

Baron XoMlenskjold has doscnlied three diftereat kinds of dust 
which weie collected by him t Of two of these, one consisted of 
diHtomnceie and another of a silicious and apparently felspathic sand 
lK)th were found on loe m the Arctic logions The third variety was 
quite different and appeared to be of cosmic ongiu He observed that 
some sand collected at the end of a five or six days’ continuous fall 
was mingled with <4 large quantity of sooty-looking particles, consist¬ 
ing of a matonal iich in carbon It appeared to be similar to the 
dust which fell, with a shower of meteorites, at Hesslo near UpsaU 
in the beginning of the year 1869 As )n this particular instance it 
might bo supposed that the railways and houses of Stockholm had 
contributed some of this matter to the atmosphere, and that the snow 
had earned it dowm, he requested his brother, who then resided m a 
desert district of Finland, to give his attention to the subject, with 

• ‘ Boy Dublin Soc Proc toI 8 (B S ), Part VI, p 705 
t ‘ Compton Bendufj* rol 78, p 886 
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the result that he collected a similar powder The snow gathered in 
the latitude of 80“ N in an expedition to Spitsbergen, and that 
collected from floating ico in the Arctic regions and on the glaciers of 
Greenland, leaves, after it has melted, a greyish residue, which consists 
largely of diatomaceie, but mixed with these organisms there were 
also particles of a carbonaceous dust of consiflerable size, which on 
analysis were found to contain metallic iron, cobalt, and nickel, also 
silicon, carbon, and phosphorus The origin of this mineral inuttei 
was at first doubtful Two of its constituents, colivilt and nickel, wete 
iKjheved to be of veiy uncommon occurrence in terrostnal matter, 
while on the othei hand they an* elements in\anably associated with 
the metallic iron of motoontes, the nickel being more particularly in 
laige proportion If wc suppose that this dust is <lischarged fioiu the 
month of a distant tokano, or that it may lie sand carne<l up by a 
whirlwind, we have yet to explain the pecubtinties in its composition 
w^hich render it similar to that of meteorites 
Nordenskjold arrived at the conclusion that it was meteoi u mtitlor 
which had descended upon the earth m «i shower similar to that which 
occurred near Upsala By the facts which he had collecteil it appears 
to have been proved that cosmic dust is falling imperceptibly and 
continually It seems that this view is either generally not jw cepted, 
or that the facts are not commonly known 

Very little is leally known alsnit the composition of atmosphonc 
dust, notwithstanding that seal chi ng investigations wore made by 
Piisteur and Angus Smith, aided by the microscope, and later by Liveing 
and Dewar by the aid of the spectroscope 
Professor O’Eeilly, M RI A, supplied us with small quantities of a 
matenal concermng the nature of which he was desiious of obt<uning 
information On inspection it appeared to be of an unusual chai actor 
foi mere town dust, and accordingly we submitted it to a spectro 
graphic analysis, and determined the pnncipal metallic elements which 
enter into its composition Tho following specimens in particular have 
been examined with care — 

(I) bohd matter which fell in oi with hail in a hail*storm on 
Wednesday, April 14*, 1897, and was collected by Professor O'Reilly 
a window facing the large open space of Stephen's Green, at the 
Royal College of Science, Dublin It contained iron, sodium, lead, 
copper, silver, calcium, potassium, nickel, manganese a trace, g a l b um 
and cobalt pve doubtful indications ^ 

(II.) Solid matter from hail and sleet collected by Professor O'Reilly 
from a window-sill of the Royal College of Science, Dublin, duniig a 
very heavy shower, from 2 30 till 3 o'clock, m the afternoon of March 
28, 1896 

Total weight of the dust 0 1018 gramme, of wIuoIl 0 08 gramme 
c was burnt in tiie oxyhydrogen flame. The colour rf the 4u8t was eted' 
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grey and it was magnetic It contained iron, copper, and sodium, 
lead, calcium, potassium, manganese, mckel, silver, thallium a trace, 
gallium and rubidium a trace, doubtful 
(III) Pumice from Krakatoa eruption^ 1883, from Professor Olteilly 
By decomposing the silicate with ammonium fluoride and sulphime 
acid, and precipitating the solution with ammonia, the following bases 
were separated iron, coppei, silver, sodium, nickel, potassium, rubi¬ 
dium, manganese, gallium, and indium a trace * 

The salt sepal ated by iiltiation and evaporation of the filtrate 
contained sodium, potassium, calcium, copper, silver, strontium, mckel 
a trace, rubidium and manganese With the very notable exceptions 
of strontium, mckel, and cobalt wo ha\o found these constituents in 
ninety seven nons, oics and associated minerals t On the other hand, 
in the examination of six motcoiic irons, wo have found the same ele¬ 
ments invarialily associated with nickel and cobalt, the last-named being 
always in much smallet proportion than the mckcl X Had it been 
possible to operate on larger quantities, we quite expect that cobalt 
wouhl have lieen found in this dust, but the small amount of 8 centi¬ 
grams 18 insulhcient for such a puqKise, oven in the case of ,most 
meteoric lions It is lathei a striking fact that in the dust No 2 
there is a trace of thallium This is xather suggestive of its being 
prolaibly pyntes flue dust, a substance which might occur in hail or 
ram in a neighbourhood where sulphuric acid is manufactured It 
might possibly come fiom an admixtuio of soot yielded by a coal con¬ 
taining thalhferous pyrites 

There are three vitnol works withm 2 or 3 miles of the College, 
but after taking all the facts into consideiation, we are not able to 
admit this source as a piobablo means of contamination, for as will 
be seen fiom analyses to be presented, there is one notable constituent 
wo have found in flue dust which is absent from the samples I and II, 
namely, indium 

In 1897, m ordei to push this mquu:y somewhat further, dust w'us 
coUected in porcelain dishes placed upon a grass plot in the garden of 
a residence just on the outskirts of Dublin§ during a period from 
the i5th Noveml>ei to the 15th December A considerable fall of a 
carbonaceous-looking matter occurred on the 16th and 17th of No¬ 
vember , some of the particles were 2 or 3 mm in diameter, and had a 
steel grey appearance rather like hard coke or graphite These 
particles all sank in the rain-water which coUected on the 17th or 
18th, while a large number of sooty particles floated, as the dish 
became over-filled, the sooty matter was automatically washed away 

• * Tram Cliem Soc / vol 79, p 61, Xe01« 

t Nickel wae foimd m twenty-three * Trane, Chem See ,* toI 71, p 688,1897 
, i 3?roc Bttbluj 8oc / New Series, vd 8 
i Atthebaokof my house and remote from any factory oUimneys,“-W K, H. ^ 
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and only the heavier pirticles remained The contents of the dishes 
wei e poured into glass cylinders, and after the heavier particles had 
been deposited the water was removed by decantation 

Subsequently it became interesting to astertain what substances are 
to be found in ordinary soot and flue dust—dust fiom volcanic 
eruptions, &c Wo have talmlated the lesiilts and arranged together 
those substances which we know to have the sumo oiigin 

The specimens of soot requned no pioliminaiy tieatment befoie 
lieing burnt, and the analysis of ea< h is gn cn in the tubular statement 
iiTily, but the diffei ent kinds of vokaiuc dust and flue ditst w ere dissoh ed 
and the silica remo\ed, aftei which the bases w^eie sepaiuted into 
groups, and the sjiectra of these gioups were photogiaphed , each 
spectrum receives a detailed dosciiption picceding the tribulatisl 
statement 

/7«c J)ust 

Phtf* 386—Dust from the flue of Crew^e gaswoiks Ma\ 28, 1891* 
The silica was removed from 1 gramme by tieatment with animo- 
niiim fluoncle 

Spectmm 1 —The insoluble lesiduc contained— 

Ca, Sr. Na, Pb, Fe, Cu, Ag, K 

„ 2 - The precipitate yielded by sulphuretted hydrogen— 

Pb, Cu, Ag, Ca, Na, Fe, K 
„ } —The ammonium hydrate precipitate— 

Fe, C4a, Cu, Ag, Pb, In, Ni trace, 

Ca, Na, K 

„ 4 —The ammonium sulphide precipitate— 

Mn, Na, K, Cu, Ag, Ni, Fe 
5 —The less soluble sulphates— 

Ca, Sr, Cu, Na, K 

„ 6 —Magnesia and the alkalies— 

Na, K, Ca, Sr, Ni, Rb trace 

PkUe 388 Spectra 4 and 7 —Insoluble residue after treating the dust 
with hydrochloric acid— 

Fe, Ga, Na, K, Ca, Cn, Ag, Ni, Mn 

P/rtfc 347 —Flue dust from Cleveland iron furnaces. 

Spectrum 1.—Samuelson's samples, Na 6— 

Na, K,Ca,Fe,Bb,Pb, Mn, 
traces of Cn, Ag, Ni, Ga, H- 
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Spectrum 2 —Flue ilust from l)asic iron furnace* Samuelson’s 
No 9— 

Na, K, Ca, Fe,Eb, Pb, Mn, 

traces of Cu, Ag, Ni, Tl, (4 h, In, Cs, Sr 

„ 1 —Flue duet, Gjors, Mills, and Co — 

Xa, K, Ca, Fe, Rb, Pb, Mn, 
traces of Cu, Ag, Xi, K, (ia, In 

VhiU 354 

Spectrum 4 —Flue dust, Gjers, Mills, and Co — 

Fe, Ca, Cu, Mn, Xa, K, Pb, lib, 
tiaces of Xi, Tl, Ag 

VhU 325 1 -Flue dust fiom Nicholson’s coppci smelting woiks, 

llunslct, Leeds - 

Xa, Cu, I’b, Tl. Ag, In, Fe, K, 

1th 

Piute 312 —Iioij pyrites fiom coal— 

Fe, Cu, Tl, Pb, Ag, and possibly a tiace of gallium 

Voltanu ])mt 

Specimens received from Professor J P O’Reilly 

Phle 311 —7V After complete solution of the substance the 

heavy metals were precipitated with ammonia and the filtrate with 
ammonium oxalate, aftei which the solution containing magnesia 
and the alkalies was examined 
SiMJCtrum 1 —The ammonia precipitate— 

Fe, Ca, Pb, Na, K tiace, Ga trace, Cu trace 
„ 2 —The ammonium oxalate precipitate— 

Ca, Si, Mn, traces of Xa, K, Pb, Fe, and Ag 
„ 1 — Magnesia and the alkalies— 

Na, K, MgO, Mn, Eb, Cu, 

Ni the merest trace 


Plate 311 

Spectrum 4 —The ammonia precipitate— 


The constituents are similar to No. 1. 
„ 5.—Ammonium oxalate precipitate. 

Similar to No. 2L 

„ 6,—Magnesia and the alkaHes— 

Similar to No. S 
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Lt* Hape^Tmn 

Plate 312 

Spectrum 1 —The ammoiua precipitate— 

Similar to Nos 1 and 4 
„ 2 —The oxjiiatos— 

^ Similar to Nos 2 and 5, but the sihei Mas not so 

strong 

„ 3 —Magnesia and the alkalies — 

Similar to Nos 3 and 6 

It IS necessary to explain that the symTx)! foi magnesium and the 
alkaline eaith metals lefers generally to the oxides With magnesmni, 
in fact, this is alM'uys so, since the bands of the oxide magnesia .dom* 
are visible In the case of calcium, the blue line 4226 is photographed 
when only a small quantity is present, but the bands of calcium oxide 
are the chief feature of the spectrum ivhen the l>aso is in larger propoi- 
tion Where the symbol is pnntcd in italics it indicates a trace of the 
substance, and where followed b) a note of lutoiTOgation it is not quite 
certain if oven a trace is present, as, for instance, m here only one of tMo 
rubidium lines is seen, there being tMo iron lines occupying almost 
the same positions , or Mhero one of the gallium lines is liarely visible, 
and the second is enveloped by manganese lines The lelatne strength 
of the hues, as seen by comparing the different spectra, is, in some 
instances, indicated on the tabulated statement by suffixes, the num¬ 
ber 1 indicating the M^eakest line and 10 the strongest 

The difference in the number of the iron lines is a measure of the 
quantity of iron present as metal or otherwise, and a comparison of the 
strength of the lines also indicates the relative quantity of substances 
The results m many cases are quantitative, inasmuch as the same weight 
of material was taken 

Ort tiu Xatuic of Dad ft mu the (Jlmidt> 

The principal characteristic of dust which has fallen directly from 
the clouds or collected by hail, snow, sleet, or rain, is its regularity in 
composition—each specimen appears to contain the same proportions of 
iron, nickel, calcium, copper, potassium, and sodium The proportion 
ctf carbonaceous matter must be small, otherwise a diminution m the 
proportion of the metals present would render the metallic lines 
weaker There is a very considerable difference between the dust from 
sleet, snow, and hail suddenly precipitated, the diBbrence being in the 
proportion of load, which, in the dust from sleet, is much larger than 
in Uie other qiecinieiis, though dust from hail and one quantity 
^ collected from ram contain more than is found m any other qiecinietu 



The Composition of Dust from Various Sources 


Oon^Umnts of DtiM and ShU from wirwui Stmreea. 168 


p«*’l 

1 

1 CLt 

£ 

£ 

Pm 

FU 


£ 

jO 

£ 

i 


uxnTtuojqo 

1 

1 


i 







• 


^RonYdlini]^ 

1 6 

1 


a 

M 

4 

d 

a 


s 


i^' 


4ltiqt)0 

1 

1 

1 







• 





1 -H 











UOJJ 

! X 


O 

£ 

£ 

a> 

Eih 

i> 

Pm 

& 

:£ 

af 

Pm 

C* 

'A 

Mauni»Mr 

, ^ 









H 


ranu>wi 

I 







*5 



• 


1 

« 

S3 

o 

o 

e 

Ct 

t 

C? 

e 

Cb 

cl 

es 

C 


o' 

C5 


imuimimiy 












iuni^uoJ4§ ' 

1 

1 


• 


«• 

c& 

a! 

li* 

CO 

k 

X 



• 

luuiJfn^ 


« 

_a_ 

A 

t3 

5 


as 

U 


_ ^ 

n 

_a 

uuuiidu^iilV 






A 

O 

bO 





4«9A|I9 

bo 

U) 


bO 




CUD 




j 

a 

S3 

O 

d 


O 

o 

a 

O 

d 

‘"I' 


imuHT?;^ 1 





: 





• 

• 


lunipiquif 1 





£ 

s 

•o 

tf 

£ 

MS 

PP 

tfl 

P 


UITU«6«10J 

W 






K 





tnnipo^ 

ee 



>5 



5? 

s? 

a 

y 

1 




Jill 

^ ^ i 

* S g .S 

S 3 

I I 1l* 


& 


§ 


I H 
d d ^ 


ilil 

IW¥ I =" 



TOI* LXVm 



The Composition o£ Dust from Vanoiis Sources— amitnv^ 


104 Prof. W. K Hartley and Mr H Bamafne The Mtneral 


IMf 1 





c 

X' 



UlUlUIpV') 1 





C 



OUI/ 1 





fi 



jwai 1 

/ 

^ 0^ fk 

Pk 

•A 

Pk 

JD 

P4 

^ *o 

Ah 04 

.o 

Of 

Pk 

mnimojit') 1 

€ 




o 



tlSBUUjyUVff 

<4 «■ M 

S ^ 

W 

c 

M 




c 

•o 

IWO 1 





e 



t 

pan'll ^ 1 

*4 M 



* 


^4 

' 

UOJI 

^ li. f« 

1. 4» 0* 

b tA| 

J 

>>4 

a» 

b4 

0^ 

A 

mX J 

*» 

Oh 

4» 

rXH 


^ 

t-i H ^ 




H "H 

H 


uiuifiui t 

• 

• 


e 

HH 


a a 

hH i—1 



wntitiro 

ev 

ss a » 

O O c 

» 

e 

e 

s 


^ «» 
d50 


s 

•jiniuiuin|\ 

• 




< 



inni'^noug 

C 

50 

w 

a? 


b 



OTunpij 

a' i' iT 
w Q 

«» 

(S 

O 

<3 

3 a 


6 

iunT8du3aj\[ 

* 

• 






WAiiy 

tS SC 
^ ^ 


jp 

bc 

-< 


• 

bO 

jaddo^ 

O U Q 

fl* 

o 


S 

O 

aa 


1 




• 


a 

« 

c 

umipiqn){ 

sv, -k 

A. 

§ 

»Q 

• 

MM 



mmssn)o^ 

, i J il 




MM 

M 

M 

j lumpofi 


T 

5^ 


sSsS 




III Hi 






• Lithinm wss foand m all tlie^ dusts t Bismuth was found in this dust 




The Gompositaon of Dust from Vanous Sources —eanlxnued 


CowMvtiunis cf JDutt and Sooffrom vanotM Sownta. 105 


pwri 


uinTaicui{f;) 

• : • : o o 6 5 ' 

0fiiouRSaii}i\[ 

c s d a d d fl 

a ii a 


* . . 

*<<4 ^ \ 

UOJl 

inmipiq,!, 

(3H(xtpIHtE| Fs((kiPhPc( 

S 6^ S I , : 

1 

1 tunrpuj 


•mniipio 5 O <3 3 

araiaiainiY 

• 

® .. 1 " * * 

IllTLt'^UOJ^g 

1 UlTll 

1 C i IS O O O 

1 •mniBijnSiii^ 1 III ! 

1 1 i ||S5 1 

' ^ 

a»Ang 


) .. ... 

1 .i«)ddo3 

•(533 ^o333 

*nini«BQ 

3 i • • ~ 


S S S M ^ 

tUtlf8B«)OJ 

MMMM MMMM 

lunipog 

J! .n ^ d s M A 

te s-q s«i yi 




106 Prof. W N Hartley and Mr H. Bamage The 

with such HU origin The only meteorite which contains as much lead 
as this is the siderohte from Atacama 

Of rttlfuntf lhi<t 

If we examine the spectra of specimens of voleame dust it is notice¬ 
able that the heaiy metils are, iMthout exception, in comparatively 
small propoitions leatl and iron, foi example w hile lime, magnesia, 
and the alkalies aie the chief basic (onstituents The spectra of the 
heavy metals, the alkaline oaiths, and the mngnesia mth the alk<ilies 
appear on ‘^epaiatc photographs 


OJ Soof fumi fhjffnnif 

The nature of soot fiom diflcicut sounes is (.haractoiisorl by the 
small proportion of iron in most specimens and of metals precipitated 
as h^^^droxides , its large proportion of lime .iiul the gie<itei lariabihty 
in the proportions of its diffeient constituents rhstmguishes it from 
other kinds of dust collected from the clouds or in the open air It 
was certainly unexpected w hen nickel, c.Ucium, mfingancse, copper, and 
silver wei e found to l>c constant fonstitucnts of soot fiom different 
chimneys and flues The proportions of lead, sihei, and copper are 
much laiger in the soot from the assa\iiig furnace aiul the laundry 
chimney 

To illustrate the <lifteiences observable in dust and soot of various 
kinds, H list iH appended of the wave-lengths of the non lines observed 
in the spectia from soot obtained from the laundry, laboratory, kitchen, 
and hedioom chimneys A second list gives the wave-lengths of lines 
belonging to other elements and observed in other substances as well as 
dust and soot 

It will bo seen that, nere is an oxtiaordinary difference between 
the latchen and the laundiy soot, which is ptobably caused by a higher 
temperature and more complete combustion of the fuel m the laundry 
fire 

bl\i€ Diusf 

III flue dust from different sources the chief chaiactenstics are the 
presence of lead, silver, and copper in larger proportions than m other 
varieties of dust or of coal ashes which have also lieen examined 
Nickel and manganese also are in larger proportions But the most 
stnkiiig feature is the quantity of rubidium, gallium, indium, and 
thalbum in all samples examined 

It IS evident now that we can state with absolute certainty whether 
two kinds of dust have the same composition or in what eonstituents 
they diiSer substantially 

When dust is collected in the open air it is liable to become mixed 
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Tbe Lines of Iron observed in different kinds of Soot 
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Wave-lengths of other Lines than Iron in Spectra from various kinds 
of Dust and Soot, and in I^leteontes 
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Some of the lines were inoasun^d with a micrometer and tlu ware lengths deduced 
from a curve oil an enlarged scale driiwri from Kow land's measurements of iron 
lines in the solar spec trum 


With other dust and soot, and iic cannot be certain whether it comes 
from only one source oi not, but soot, its a rule, can be separated 
by washing it away from the heavier matter The occurrence of nickel 
in soot and flue dust was certainly unexpected. It is probably 
disseminated in extiemol^ minute traces in coal, and its concentration 
in soot IS owing to the conditions in a coal fire being favourable 
to the formation of nickel tetia-carlwinjl and its subsequent de¬ 
composition 
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(1 ) The presence of nickel, as shown hy the examination of soot, is 
not positive e^ ulence that the dust from the clouds comes from other 
than A teriGstiial source 

(2) The dust which fell on the 16th and 17th of November, 1897, 
with us rogulant> in composition and its similaiity to meteontos, 
being magnetic, also its compirative freedom from extraneous matter, 
exhibits pioperties which arc quite in favoui of its cosmic origin 
Moreovei, its composition is totally unlike that of volcanic dust and 
tlue dust fiom various chemical and metallurgical works This dust for 
the most pirt fell on a perfectly calm hue night, ami there was no rain 
foi tA\entV’four houis<ii moie aftei wards 

W e beg to diaw attention once more to the very wide distribution 
of gallnini in minute proportions^ it occuis in all aluminous nunerals, 
flue duhi of diHeicnt kinds, soot nmi atmospheric dust, also m a 
great \ariet\ of iron oies llauxito contains it m largci proportion 
than any othei mineral, but the quantity oven in this substance is very 
small We ha\e hopes of hmling it concentrated in some mineial, as 
thallium, ciosium, gcimanuim, and indium are Indium and thallium, 
the othei membcis of the same group of elements, are found in blende 
and pyrites, and accordingly we might expect galliiini to occui in a 
concentrated state in a sulphide, aiseimle, oi similar compound 
Judging, however, from its analogy with aluminium, theie does not 
scorn to be much piobabilitv of this 


“ Notes ou the Spuik Spectrum of Silicon as leiulered by Sili¬ 
cates” By W N IIahtley, FIIS Becened Noi ember 19, 
1900—Bead Februarj' *21, 1901 

The mteiosting account by Mr Lunt* of his uleatihcation of three 
hues of silicon, corrcsponduig with three unknown hues in the spectra 
of certain fixed stars, contains the following remarks — 

“ It is a curious fact that Haiiilo}^ and Adeney, and Eder and 
Valeuta, who alone give us any extended list of lines due to sihoon, 
appear not to have examined the spectrum of this element m the 
region of the throe rays here considered Their pubhshed wave¬ 
lengths show only lines in the extreme ultra-violet, and the majority 
of them are quite outside the region which can be exaimned by the 
McClean star spectroscope ” 

There is an inaccuracy here, and a similar mistake as to author¬ 
ship occurs in the paper of Eder and Valenta. Silicon was not one of 
the sixteen elements whose spark spectra were invoatigated by Hartley 
• •Roy Boo Rtoc ,* Toh66, p, i4 
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lUid Adeney,^ because it was found to be practically a iioii-oonductor 
of electricity, and no uninterrupted stream of sparks could bo obtained 
from it A prior publication,t “ On Line Spectra of Boron and Silicon,” 
by me, gives descriptions and wave-lengths of linos characteristic of 
these elements which were observed in solutions of iKiratos and 
silicates I 

Having some of the spectra photographed in 1K83, I hnd upon 
examination of the plates tliat they w ei e closely iu\ estigated at that 
time The} show no trace of any line of silicon loss lefrangible than 
2881 0 (Angstrom’s unit) 

There is a lino at the loss i ofr.uigiblc oxtioimty of the spectrum 
which, to judge from its position, is yellow'^ or yellowish-gieen in colour , 
but It tertaiuly <1ooh not belong to silicon, because solutioiiR of a 
sihcate, and of hydrofluosilicu acid (ontainnig 1 per cent, 0 1 pei 
cent, 0 01 ])ei cent, and 0 001 per cent of silicon, sliow this line 
to be stronger in the spectrum gnen by 0 01 pci cent than in any 
other of the photographs It has every appeal ante of and no <loubt 
IB the well-known pair of sodium lines with a mean wa\ e-length ui 
5893 A (oiicentratcd solution of sodium silicate ga\e ik» stronger 
indication of this line, and only a foelde representation of the strongest 
sodium line 3301 This may be accounted for ]>y the lemarkablo fact 
refeiied to in tlie original papei, that the linos of the metal in borates 
an<l Bilicatcs seem to be suppiessed when the spectra of lioion and 
silicon appear with greatest intensity, but if the qii<intity of the 
borate or siluatc in the solution is diminished, the sodium lines gam 
in strength 

There is, however, .i lino near a \ery strong air line seen in the 
spectrum of a 1 poi cent solution It continues to inciease m length 
and intensit} in other spectra as the proportion of silica diminishes , 
otherwise it would not be noticeable because it is extremely short, 
feeble, and eineloped in air lines when photographed from a 1 pel 
cent solution A solution equivalent to 0 001 per cent of silicon 
yields a spectrum in which this hue w aliout one-fourth of the length 
of the air lines, and of the so\en caibon lines in other parts of the 
spectrum 

It IB 111 fact the least refrangible caiboti hue from the graphite 
electrodes 4266 3 (Hartley and Adeney), and is visible and of nomal 
strength and length on photograph No 10 in the ‘Journal of the 
Chemical Soaety,’ vol 41, p 90, 1882 It is one of those hnos which 
IS occasionally absent from the carbon spectrum, and it is somewhat 

• ‘ Phil aranB1881-, Part 1, p 03 

t ‘ Bo} Soc Proo1883, vol 35, p 801 

% For a list of theisc lines, Kpe also Watt«*0 * Index of Hpootm,’ p 127, 1889 In 
Apiwndix S, p 21 of tlio Indt x, the aamo hat of hno 0 is hoaded JS. and A , which m 

erroneous. 

« 
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longtheued when the electrodes aic wet ^ It is doiibtlons a carbon line, 
Iot Dcslandreat gives its wave-length as *1367 (Rowland’s unit), and 
he used carl Kin puiihed in Moissun’s electric furnace The least 
reftungiMe of the silicou hues on my plates is at wh\ e-length 3H81 0, 
and it conespiinds with a Ime ui the aic spectrum 3881 1 (Liveing 
jtnd DcHai) 

Theie w a group of air hiiesi 4-416 03, 4433 58, 4425 90, 4415 >1, 
juid 4 n.l 60, then <oiue 4628 95 and 4674 2, but there is no trace of 
Jim silicon lines between 457.1 and 4553 where Mr Lunt found three 
Mr Lunt used <t powerfully disruptive dischaige, and that apparently 
IS suthcicut to .i( count foi the diftereiico in the spectrum which he 
^jlitained 1 lia\e always employed \ery simple apparatus, but it 
happens that when uiM*stigatuig the eoofticient of extinction of the 
various ra\s of siJicoii u second scries of experiments was made wuth 
^i more ]>owerfii] cod and jar It was found that when all the lines 
had beiome \ei\ shoit, and the weaker lines had nearly disappeared, 
they could 1 h* lejnoduced to a great extent from the same solution by 
111 Cl easing the c<ipacity of the Leyden jar or condenser, but as only 
4 'xtremely ddiite solutions of silicates wcio use<l, the lines obtained by 
Ml Lunt from t)ie solid silicates did not appear 
1 gne heie the normal length of the six lines in the chaiacteristic 

Silicon Lines 
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** * Fhil Trans1884, Part I, p 48 
,t ' Comptes Bendus,’ 1896, rol 120, p 1259 

} These wavodengths are et^ied from the ongmal numbers written upon the 
BO-moh enlargements of the spectra referred to as being published m the ' Journal 
the Oheniical Society ’ The Talues are according to Angstrom's unit, and are 
doabtloM not so accurate as numbers more reoently detenmned 
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group as they are seen when a 1 per cent sohition anrl graphite 
electrodes are used, and of two isolated lines which are less refrangible, 
with them are compared the linos photographed from othei more 
dilute solutions The sodium line X *1301 appears as a long line in 
the 1 per cent solution and becomes shorter as the quantity of sul>- 
stance IS reduced 

Oliscnations were earned as far as a solution containing 0 000001 
per cent of silicon, the two strongest lines Ijcing still ^^slble, but as 
the photographs of these more cblute solutions ha\o been damaged by 
laung kept so long a time in the atmospheie of the thenucid biboratoi} > 
they are not now a^a]lablo for similar measurements 

As the sodium hues are suppiessed when the silicon hues aie strongs 
the two carbon lines are also rcducetl \eiy much in length and strength. 
This is very easily obser\ ed on account of the c lose proximity of the 
silicon lines, the wa^e-lengtha of the tMo caibon lines being 2508 7 
and 2511 6 (Hartley and Adenoy) In the moie dilute solution, these 
lines are observed to lie lengthened until they ]»ecoinc c»f the iionual 
dimonsions of 20/J OOths of an inch It thus appears more than probable 
that the suppression of the sodium does not result fiom any chemical 
action within the spirk discharge, such as might Ikj supposed to occur 
if the sodium 'aero dissociated from the compound, and being in 
contact with a siluate Mere to liberate silicon, or to combine with silicon 
directly, and in presence of MMter give nse to the formation of silicon 
hydnde 

The supprossiori of much of the sodium specti uni, and the shorten- 
mg and Meakening of the carbon lines, is moic likely to bo a purely 
physical phenomenon than the result of anj chenutal reaction in 
the spark 


“Some Additional Notes on the Oiieiitatiou of Gieek Temples, 
being the llesult of a Journey to Gieeoe and Sicily m Apnl 
and May, 1900 B) V C. Pknuose, M A , F E S, Eeceived 
January 17,—Head February 14, 1901 

(Abstract) 

He paper contains notes on two examples from Greece and four 
from Sicily—of these, three are of the nature of aniphfitation and 
correction, and throe are fresh cases 
(1.) To the second head belongs a rude and archaic shnue in the 
Isle of Delos, not improbably the most ancient existing example of « 
religious structure on Greek soil It exhibits the usual stellar con- 
ueo|j[mi with its onentation and an approximate date conformable with 
U» imaote antiquity (1530 B.c.}. 
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Nides m the Orimtatmt of Tem^eo. 

(2 ) Some furthei observatiotie on the Temple of Apollo, at Delphi, 
of which the recent complete clearance of the site admitted of measure¬ 
ment with greater exactness than 1>eforc 

(3 ) At Syiaciise I found tb<«rt the architecture of the temple mhich 
has lieeri erroneously attributed to Diana,'"' was of a character much 
too archaic ioi the date assigned to it in tliat paper, which had been 
derived tioTu the orientation ot the axis^ but that when taken from 
the northoTii limit i>f the eastern opening the date would be quite 
consistent both with architecture and the history of the town 

(4 ) This Jed to a re examination of the othei Syracusan examples 
and an cirorwas distoAcied, alteiing the orientation of the temple 
attributed to Mniena, and its derned date, fiom 815 to 550 nc, to 
Its great advantage in eveiv respect 

(6) The most interesting example, how evei, is from another 
Sicihan temple lateU unearthed at Sclinus Of this temple T found 
the orientation (>t the eastern axis to be 30 22'north amplitude, which 
at onte suggests solai temple ai ranged for the summer solstice, 
which for a level site and for the date in question, should be 30' 35' 
But the tenqile^s site is neai the bottom of a "Vcilley and the suti 
would have to gam an altitude of rather more than two and a half 
degrees befoie it could hliiiie into the temple, and then the amplitude 
requiie<l would be J8 17' Thus ajiart from what may be derived 
from the plan of the temple itself, the onentatioii theory would seem 
to show to a disndv antage At the same t;mo the pocuharitiOB of the 
plan of the temple would be diftieult to explain without the orientation 
tbeorj 

I^fcsuinably the angle upon which the lincH of the temple were set 
out w as taken from data obtained on some platforni which bad a level 
horizon, mid the Inulding was considerably adAuncetl Tieforo the actuid 
solstice came round and showed the error that had been made 

To meet the dilhoiilty a nms was constructed within the flank walla, 
but hugging the uoi them one, so that the hrst beam of sunrise 
coming thiougb the centre of the eastern aperture, at the local amph- 
tude of + 28'' 17'E, might shine m centrally upon the statue of the 
deit} and for this a pedestal was proMdod a little northwards of the 
centre of the iiichc which had been proMOUsly formed foi it We may 
notice also that the angle of the Propyleea is so placed as to keep 
exactly clear of the point of sunrise (see figure, next page). 

(6 ) An aigiunent is drawn from the orientation of the foimdations 
a small temple lately discovered, adjoimng the famous theatre at 
Taormina, that the theatre itself was that of the city of Naxos, which 
occupied the sea-coast at about 800 feet immediately below it, and 
not the work of the much later town of Tauromenium, from which 
Taomuna derives its name. 

• ‘ Plul TransA, toI 190,1897, p 99 v 
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F(hn(m*y 28, 1901 

Ml W IT M CIIETSTTK, Vice-Pieaident, Astronomci Iloyal, in tlie 

Chnii 

The Secietiiiv rcpoited thiit on Saturday, Fobruai} 23, the Pichi- 
deiit, H(.LOiii|).iiiiod 1>3 the Troaaurer, the Senior Secictnry, the Foiejf:n 
Secretary, Lord Lister, Lord Kelvin, and Sir Joseph Hooker, Past 
Piosidentb, and Mi Ohiistie, Vice-Preflideiit, had pi occoded to St^ 
Jhdiob’s Pal.ice, and, bemg admitted to the presoiite of the Throne 
had the hoiioiu of pieseriting to Hiu Gracious Majostv an Address of 
Condolence and of Hoinag(% and that llis Majostv had iiiarlc a gracious. 
1 opl\ 

The Addicss and Itoval Reply tuc an follows — 


To IHK KiNcJh Most RxriUhsi Maikstv^ 

7% Hffwblf AihhcH'^of Hu Cmmnly uml of (he 

Hoeiehf of Jjttiuhm foi Pioowfivo Xoimal KoouleHqe 

Most Gracious Sovereign, 

We, Your Majesty’s most dutiful and lo}al subjects, the President,. 
Council, and Follows of the Royal Society of London for I’romoting 
Natural Knowledge, humbly beg leave to oftoi our dcejx'st and most 
heartfelt sjmpathj with Your Afajesty in the gioat sonow which has 
befallen You in the death of Your beloved Mothei, our late Sovereign 
Larly the Queen Your Majesty’s loss is our loss also a loss not only 
to ourselves, not only to all Yom Majesty’s subjects throughout the 
Empire, but to the w^hole world During Yom beloved Mother’s wise 
and benehcent reign, under Hei^ thoughtful fostering caio,that natural 
knowledge which the Society was founded by one of Your ancestors 
to promote has been promoted to an extent, and in ways, never known 
liefore, and we feel sure that fiot in our time only, but in the years- 
to come, to the story of the advance of Science in the past century 
will be most closely luiked the memory of the goodness, the wisdom^ 
the peerless worth of the august and beloved Lady, whose death has 
now plunged us into the deepest grief 
While thus uttering words of sorrow, we ask leave, Sire, at the same 
time, to lay at Your Majesty’s feet our unfeigned and heartfdt con¬ 
gratulation upon Your Majesty’s accession to the Throne of Your 
ancestors, to reign over a people to whom, happily, Your Majesty is no^ 
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stranger, Init who have, by many expenencob, learnt to recognise Your 
great worth, and have been led to the suie hope, that, under Your 
graciotis rule, the Nation \nll continiio to hold the proud position M^hich 
it has gamed under the guidance of Your belo’ied Mothei 

That Your Majesty’s reign may bo long, happy, and glonous, and 
that You may e\ er rule in the hoails as m ell as o\ er the persons of a 
loving, dutiful, and giateful people, the earnest wish and .irdciit 
prayer of 

Yoni Majesty s loyal and dutiful Subjects, 

Tuf PUKSIOKM, CoiNdl, \NT> FHIOWS 

oi- iHi* liowL SoriFr\ (» Londov 

Ills MA3>siy*s Graciois Khm\ 

“I am much giatihed by the Maim expression t»f \oui lo\alty and 
affection, of your profound sympathy uith our present giief, and of 
your loving appreciation of the goodness .md gieat qualities of my 
dearly beloved mothci 

“I thank jou for }oin dutiful good wishes, and 1 shaie your hope 
that my roign also may bo blessed by a coiitiiiuoiis gjowth of my people 
ni enlightenment, lehnement, and power for good The intellectual 
attainments and energies which youi Society so coubpicuously lopre- 
Hents aio among the most pteciotis jHissessions of the nation as aids in 
securing those high ends, and 1 remember with gratihcation the close 
(ouneciion of the Society with its Itoyal Founder and my other prede¬ 
cessors on this Throne, and the fact that 1 am a Fellow, as was also 
my dear Father 

“ You may feel assured of my constant inteiest in and protection of 
ynir work, and in token of my goodwill I shall be ple.isod to inscribe 
m\ name as Patron in the Charter Book ” 


A List of the Presents received was laid on the table, and thanks 
OI dered for them. 

The iollowmg Papers were read — 

I “The New Star in Perseiu.—Preliminary Note" By Sir 
Norman Lockyer, K.C B, F B S 

II “ On the Structure and Affimtiea of Foml Plante from the 
Falteozoic Bocks IV —The Seed-Uke Fractificatoon of Lfptdo- 
rmpon, a Genus of Lycopodiaceous Cones from the Carboniferous 
Formation” ByDr D H Scorr.FBS. 

III. “ A Preliminary Account of ^e Development of the Freeewim* 
nung Nauphus of Leptaim h/ahm (Lillj.)." By Dr. £. 
Warren 
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IV “On the Result of Chilling Copper-Tm Alloys” By C T. 

Heyo(J<:!K, F K S , and F H Nfvijj e, F R S 
V “ On the Theory of Consistence of Logical Class-frequencies, and 
Its GeoTnetncal Representation ” By G. Udnv Yiu-k 


“On the SLiuc'tuie and Affinities of Fossil Plants from the 
Paheozoic Jtocks IV T!ie Seed-hke FiucLification of Leptda- 
a Genus of Ljcopodiaceous Cones from the Carlion- 
iferons Foiination” By 1) H Scott, MA, Phi), FES, 
Hon Koepei of the Jodrell Lal>oiatory, lh)yal Gardens, Kew 
Keceived Fehiiiary 10,—Read Februaiy 28, 1901 

(Abstiact) 

A shoit account of the new genus Lepidocarjmi has been given in a 
note communicated to the Royal Society last August^, the present 
paper contains a full, illustrated description of the fossils ni question, 
together witli a dibcubsion of their moiphology and afhmties 
The fltiobilus of Ij puimnpon Ijorntxiy the Coal-measure siiecies, is, in 
Its eaiUer (oiiditioii, iii all respects that of a Ijfpfdo4)obv% of the 
type of L Ohlkmu!^ 

In each megasjKiraiigmm, howcvei, a single megasjK)!e or emhiyu- 
sac alone came to ikiifection, filling almost the whole sporangia! 
cavity, hut accomiwiiued hy the remHiiis of lU aliortivo sistor-colls 
An integument ultimately grew up from the sporophyll, completely 
enclosing the mcgasporaugium, ami leaving only a narrow sliMike 
opening, or niicropyle, along the top As shown in specially favour¬ 
able specimens, both of Lepulwuipan hnmxi^ and of L fFildianm}^ 
the more ancient Buintisland form, the functional megaspore became 
filled by a large-celled prothallus, resembling that of the recent Imtea 
or MaqtnflUi The whole body, consisting of the sporophyll, beanng 
the integumented megasporangium and its contents, became detached 
from the strobdus, and in this isolated condition is identical with the 
“seed” described by Wilhamsori under the name of Vardtonupm 
tnwmalum^ which, however, proves to be totally distinct from the 
Cordaitean seed so named by Carruthers 
The seed-hke organs of Lepidomrpon are regarded by the author as 
presenting close analogies with true seeds, but as difTering too widely 
from the seeds of any known Spermophyta to afford any proof of 
afiGimty. The case appears rather to be one of parallel or convergent 
development, and not to indicate any genetic connection between the 
Lyoopods and the Gymnosperms, or other Phanerogams. 

on the Oeeurre&ce of a Seeddike Fruetifloation m eertain PalieoKOic 
lijoopods,*' * Boy Soo ProcTol. 07, p. 000. 
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'‘On the Theory of Consistence ot Loj^io4il Class-fi’equencies 
and its Geonietiical Representation'* By G VoNy Yule, 
foniieily Assistant Piofessor of Applied Mathematics m 
Liuvinsit} (*olle^(\ London, Communicated by Pi<»feH8or 
K ri'A.ns<»v. FE.S Received Pehiuaiv 9,—Read Februai} 
28, 1901 

(Abstract) 

Thememon deals with the theory of the conditions to vlndi a senes 
of lo^tiil class-frequencies is subject if the senes is to be solf-consisteiit, 
< , if the class-frequencies aie to be such as might be observed uithin 
one and the same logical luinersc 

'rhe theory has been dealt with to a limited extent b\ l>e Morgan, 
in his ‘ Formal TiOgic* (“ On the Nimiencally Dehnito Syllogism ’*) and 
by Boole, in the ‘Law’s of Thought* (m the ehaptei entitlerl “Of 
Statistical Conditions ") 

In the present memoir the first section deals witli the theoi\ of 
coiiBistenoe by a simple method, up to class fiequencios in five attn- 
biites, and a gencial formula is then obtained, gn ing the (onditioiis 
for any case In the second part of the papci some illustiations are 
gl^en of the goonictiical roprescutntions of the conditions obtained in 
Part I 

In the case of three second-oider fiequonties (AB), (AC), and (BC), 
the complete conditions of consistence may lie lepresentcd by a tetia- 
hedron with its edges ti iincated The first’Oidei frequencies are treated 
as constant, (AB), (AC), (BC) as co-ordinates, and the limits to (BC), 
for example, are gl^ en by the points in w^hich the line drawn through 
the point (AB) (AC) parullel to the (BC) axis cuts the surface The 
general form of the surface depends on the value of the firsc-uider 
fieqnencios If 

{A)/(r) = (B)/(i’) - (C)/(r) « ] 

(u) being the total froquenc}, tho edges are not truncated and the 
“ congruence-surface ” lieoomes a simple equilateral tetrahedron The 
limits given to (BC) in terms of (AB) and (AC) in this case are shown 
to correspond to the limits to the correlation coefficient ij, in terms of 
rii and i u in tho case of normal correlation The congnience-sniAuie 
shows very cleaily the nature of the approximation towards the 
syllogism, as conditions (rf the “umversal” tj'pe (all A’s are B, oi 
no are B) are approached. One or two lUnstrattons are also given 
of oongraence^urfaces for third-order frequencies, tho first- and second- 
order frequencies being both treated as constants 

In the third part of the paper some numerical examples, and sketches 
at congruence-surfaces tor actual cases, are gnon, iii fnrthm* illustration 
^of (he theory 
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“ The New Stai in Perseus —Prehmmurj Note ” By Sir Nokman 
I/icKYKii, KCB, FliS Received and Read J'ebruary 28, 
1901 

Di Copelund wah kind enough to inform me by telegram on the 
afternoon of February 22, of the discovery by Dr Andeison of a new 
htiir in the Milky Way in Perseus on the eaily morning of that day 
It V as stated that its position was K A 3^^ 24*” 25^* and Decimation 
H 43 34', Its magnitude 2 7, and coloui of a bluish*white Later in 
tlic evening this infoiination was corroborated by another telegram 
from the Ccntialstelle ” at Kiel 

Owing to tJondy weather, no photographs could be obtained at 
KtMisington until the e\ening of the 25th Momentary glimpses of 
the stai on the e\ening of the 22nd, between the hours of 6 and 
7 .10 PM , indicated that the Nova had considerably linghtened since 
the time of lU discover}, as it was estimated as a little brighter than a 
1st magnitude stai, no satisfactory olwervations of the spectrum could 
be mu(le Anothei glimpse on the early morning (1 30 a M ) of Monday 
(25th) showed that the star was still of about the 1st magnitude 
Piofessor Pickering lepoils that th(‘ Nova was dimmei than an 
11th imignitude star on Fcl>ruary 19 On the 23rd it was as bright as 
Cajiella The st.n, theiefoie, W'as then at least 10,000 times brighter 
than It was four da}^ pieviously, and lanks as the lirightest new star 
roeoided since that which appeared in the year 1004 
Since the 25th the brightness has diminished abghtly, and on the 
evening of the 27t]i was estimated between the 1st and 2nd magnitude 
(1 7) If this reduetjon of brillmney continues at the same rate*, the 
new star will eMdeiitly be shorter lived than those to which it has 
most closely appioximated m luminous intensity at the maximum, and 
less time will l>e available foi studying the spectral changes w hich may 
be anticipated I muy state that Tycho’s Nova (1572) w^as visible for 
nearly years, and Keplei’s (1604) for about the sAme period 
It 18 mterestiug to note that the star w^as described by Di Anderson 
as being of a bluish-white colour at the time of discovery Since it 
has diminished in brightness this has changed, and on the night of 
February 27, a i eddish tinge was observed 
The sky on Monday eveipng was by no means free from clouds, 
but ten very satisfactory photographs were sAqUred with the three 
instruments lu regular use for stellat spectra. Edwards’s isochromatic 
plates wore used, as it w^as considered desirable to secure a recoid of 
the green part of the spectrum 

Although there has not been time foi a compfeto discussion of these 
photographs, it may bo stated that the spectrum contains numoroua 
darh bnes, several of which are associated with bright liands on the * 
vor- txviu K 
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less refrangible side Further, the spectrum, as a whole, gro<itly 
resembles that of Nova Aungm 





One of the chief features of the principal bright lines is theii great 
width, amounting to 30 tenth*metres, and each is accompanied by a dork 
^ hue of considerable breadth on its more refrangible side A componsoii 
* spectrum of y Orionis, photographed alongside that of the Nova on one 
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of the plates, indicates that the middle portions of the bright luies are 
not far from their normal |)ositions, those of the dark ones, however, 
are displaced by some 15 tenth-metres towards the violet, thus indi¬ 
cating a differential movement of something like 700 miles a second 
Movements more rapid and disturbances more violent than those 
obseived in Nova Aurigie are therefore indicated, both by the greater 
displacement of the dxirk lines relatively to those that are bright and 
the greater ]»readth of the bright and dark lines 
The comparison of spectra shows us that we are dealing with two 
swarms, one of which, the less dense, gives us broad bright lines and is 
almost at rest with reference to the line of sight, the denser swarm, 
indicated by the dark lines, is in most lapid movement in the line of 
sight towards the earth 

An intciosting feature of the sjiectrum is the presence of hue (Lirk 
hues down the middle of each of the bright linos of hydtogon and 
fakium , these aie most probably reversals, an<l if this be so, the}* wull 
be of groat service foi accurate determination of the wave-lengths of 
the other bright lines The dark hydrogen line Hy, and perhaps Up 
and Hfi, are also possibly reversed 

Eye observations showed among the chief lines a group of four lu 
the green, one probably 11)8, the others ne.ir 492, 501, and 517 , a 
])nght line at or neat D, and a hnikant red lino prolialdy correspond¬ 
ing to Ha Each of those was accompamed by a dark broad line on 
Its more lefrangible side Other lines of less brightness were observed 
both in the gi een and red 

It at ill St seemed pixibablo tliat two of the bnght lines in the green 
(XX 492 and 601) might be due to astenum, while that in the orange 
was perhaps the helium line D® Subsequent investigation, however, 
suggested as an alternative oiigin that these lines might he the 
enhanced linos of iron at X 4924 1 and 5018 6, which are very nearly 
in the same positions as the astenum linos This view was tested by 
inquinng whether othoi prominent enhanced lines of iron so strongly 
visible in the spectrum of a Cygm were present 
A comparison with the spectmm of this star photogiaphed with the 
same instruments suggested that many lines lictwcon F and h in the 
Nova probably conespond with lines in a Cygni Certainty could not 
}>e arrived at in consequence of the great breadth of the lines m the 
Nova. 

Hence, us the Nova Ixire some tesemblanee to both Nova Aungee and 
a Cygni, a reference was suggested to the lines recorded in the spectrum 
of Nova Aurigae which were observed when the light of that star was 
on the wane, and when the linos were thinned enough to be easily mea¬ 
surable 1 may also add that these observations were made before the 
work on enhanced linos was undertaken 
Hie importance of this reference was strengthened by the considora- * 
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tioii that with such a tremendous outburst we should expect the origuuil 
in\isible swarm to have been (very rapdly) afhanced to a considerable 
condensation at the locus of impact, and therefore to resemble some 
“ star ” which had (slowly) arrived at a position pretty high up on the 
ascending temperature cui\e in the oidinaiy course of evolution on the 
metooritic hypothesis, 

A comparison of the bright lines recorded by Campbell* and Vogelt 
in the spertrura of Nova Aurigne with the strongest lines of a Cygni— 
a ver> detailed record of the spectrum of which stir has lieen 
iccently compiled here—shows that there is a close agrooinent 
lietween the two sets of linos These strong a Cygni lines are almost 
without exception the representatives of “ enhanced ’ lines of some of 
the metals, chiefly Fe, Ti, Ci, Ni, Ca, 8r, and Sc If we exclude the 
lines of hydrogen from those which wore recorded in the spectrum of 
Nova Aungae, tlieie remain fort 3 r-foui lines for ccunpanson Thirty of 
these, or about 70 per cent, agree approximately in position with eithei 
strong isolated lines or groups of hues in the spectium of a Cygni 

It may be assumed that, taking into consideration the bioad natuie 
of the No\a lines, if there be an} gentunc connection between them and 
the lines of a Cygni, any close groups of separately clistingmshabh* 
lines in the latter spectium would bo thiown together in the Nova 
spectrum, and appear us broad bands A good instance of this appears 
in Canipbcirs list lie records a band extending from A\ 4534 to 
4501 In the spectrum of a C}gni there is a strong line at each of the 
positions gnen, and between them theie occuis a strong quartet of 
lines The foTTnci arc well enhanced linos of titanium, and the latter 
of iron It scorns cxtiemely likely, therefoie, th<it the six lines thrown 
together produce the appaicntly continuous band observed b\ 
Campl>ell 

If the stage of a Cygin has really been i cached, the following con¬ 
siderations come in — 

In the orderly condensation of sw'amis, accoiding to the meteoritu 
hypothesis, the earlier stages are— 
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I Cjguwn 
Folariaii, 

Aldebai lan 

Aulariou 

Nebula 


/Dark lints, corrvBpoiiding cluefi} with 
I the enhanced hnefi of vanuns metals 

{ Dark lines, comprising both arc and 
enhanced hues of variouH metals 
f Dark lines, clnefly corresponding to 
< tliose wrhicli appear in'tlie are spectra 
I ol various metals 

r Mi^ed bright and dork flutings and dark 
■j lines Bright lines of hjdrogen in 
I those stars which are veriable 
Bright hues 
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In the case of new stars, after the maximum of luminosity has beep 
reached, however high they ascend, short of the apex of the tem¬ 
perature curve, this order must be reversed, and hence we should 
expect to find the spectrum varymg m accordance with the fcaregoing 
sequence, but m the re\erse order 

In Nova Coron^e (1866), according to the observations of Sir Wilham 
Huggins and Dr Miller, the absorption spectrum was very similar to 
that of a Ononis, which is a star of the Antanau group, so that the 
temperature attained was relatively low, this indeed is demonstrated 
by the fact that at present it shines faintly as an Antanan star, and 
doubtless did so befoie the eollision The colbsion, therefore, probably 
did not take Nova Corona3 ^ ery much above its initial stage of tem¬ 
perature, and when the disturbance was over it simply reverted to its 
old conditions 

The spectrum of Nova Cygni (1876) was not photographed, and as 
special attention was given by most observers to the bright hnes, 
there is no satisfactory record of the absorption spectrum 
This now appears as a nebula, and doubtless it was a nebula to begin 
with, as Nova Coronfe was a sW to begin with 
In Nova Aungso (1892), as we have seen, the compansou with 
a Cygni indicates that the Cygnian (a higher) stage was reached, 
and 111 the fimil stages its spectrum corresponded with that of the 
planetary nebulae, that is, a stage lower than that reached by Nova 
Coronae The intermediate stages, however, were not observed, 
possibly because the star was never very brilliant, and partly because 
of the difficulty of observing closely grouped lines, such as occur in 
the Polarian and Aldebarian stages when they arc rendered broad by 
such disturbances as those which were obviously present m the Nova. 

The observed maximum magnitude in the case of a new star will 
evidently depend upon the distance and size of the colliding masses, as 
well as upon the temperature produced by the collision It is not 
remarkable, therefore, that there is no apparent relation between the 
greatest brightness and the temperature indicated by the spectra 
Nova Coronfis, with its relatively low temperature, shone f<^ a tune as 
a 2nd magnitude star, while Nova Aungss, with a much higher tem¬ 
perature, scarcely surpassed a star of the 5th magnitude 
I now return to Nova Persei If the idea that m the present Nova 
the swarm which gives the dark line spectrum resembles a Cygm be 
confirmed, as its temperature is reduced we may expect it to pass 
successively through some or all of the stages of ten^rature repre^ 
seo^ by stars of the Polanan, Aldebanan^ and Antanan groups, 
enhanced lines being first re^ed arc lines, and then by flutings. 
Whether it remains at one of these ^ges or undergoes a farther back* 
w^avdattem into a nebula will be a point of the highes t interest 
^ it, Wkt Nova Aung»i the present Nova dioid4 end as a nebula, it 

t 
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vOl {urnish a moat convinoing proof tihe fundamental metallio nature 
of nebulae 

In conclusion, I wish to express ray thanks to Dr W J S Lockyer 
and Mr F E Baxandall, of the Solar ^^ysics Observatory, and to 
Mr A Fowler, of the Koyal College of lienee, who have greatly 
assisted me in preparing the present note, and who, with the addition 
of Mr Butler, of the Solar Physics Observatory, secured the excellent 
set of photographs and eye observations on the night of the 25th, from 
which the new knowledge has been derived 

The preparation of the slides I owe to Sapper J P Wilkie 
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Sir WILLIAM HUGGINS, K C B, D C L, President, in the Chair. 

A List of the Presents received was laid on the table, and thanks 
wdered for them 

In pursuance of the Statutes, the names of Candidates for election 
into the Society were lead as follows — 


Adeney, Walter Ernest, D Sc 
Alcock, Alfred William, Major, 
IM.S 

Allen, Alfred Henry, F C S 
Ardagh, Sir John, Major-General, 
K.E 

Ballanoe, Charles Alfred, F B C S 
Bimue, Sir Alexander Bichardson, 
MICE 

Bourne, Gilbert C, M A 
Bovey, Professor Henry T, M A 
Boyce, Professor Bubert 
Bndge, Professor Thomas William, 
MA 

Brown, Adrian John, F G S 
Brown, John 

Bruce, John Mitchell, M D 
Bodge, Ernest A WaHis, DXitt 
Callaway, Charles, DBc 
Cardew, I^ilip^ Major, B.E 
CSiattaway, Fredenok Baniel, M A 


Clowes, Frank, D Sc 
Copeman, Sydney Monckton, M D 
Corfield, Professor William Henry, 
MD 

Crookshank, Professor Edgar 
March, MB 
Darwin, Horace, M A 
Davison, Charles, D So 
Dendy, Professor Arthur, D.Sc. 
Dixon, Professor Alfred Cardew, 
MA 

Dixon, Professor Augustus Bd- 
ward, F C S 

I^son, Frank Watson, M A. 
Evans, Arthur John, M.A. 
Feilden, Colonel Henry Wmnyss 
Galloway, Professor WSIima, 
FG.S 

Gtoodndi, Edwin S 

Gray, Professor Thomaa, BBo; 

Gregory, Professor J. W, DBm 
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list of Papm read. 


Hmoailton, Professor Dand James, 
MD 

Hardy, William Bate, M A 
Harkor, Alfred, M A 
Hartner, Frederic William, F G S 
Hiern, William Philip, M A 
Hills, Edmond Heihert, Captain, 
BE 

Hopkinson, Edward, M A 
Jackson, Jlcnry Brad wai dine, 

Captain, B N 

Jukos-Browne, Alfied John, F 6 S 
Kidston, Bobert, F G S 
Knott, Caigill Oilston, DSc 
Lotts, Edmund Albert, D Sc 
Lewis, Sir William Thomas, Bart, 
M Inst C E 

Mac Arthur, John Stewart, F 0 S 
Macdonald, Hector Munro, M A 
Maclean, Ma^ns, D Sc 
MacMunn, Charles Alexander, 
MD 

Mallock, Henry Eoginald Arnulph 
Maiicc, Sir Henry 0, C IE 
Mansergh, James, M lust C £ 
Martin, Professor Charles James, 
MB 

Masson, Professor Ormo, M A 
Mather, Thomas 
Matthey, Edward, F C S 
Maunder, Edward Walter, F E A S 
Meynok, Edward, B A 
Michell, John Henry, M A 
Mill, Hugh Bobert, D Sc 
Newall, Hugh Frank, M A 
Hotter, James Lane, Surg Lieut 
Col, MD 

Oliver, John Byder, MajoavQeneral 
(late E A ), C M G 


Parsons, Frederick Oymer, 
PEGS 

Payne, Joseph Frank, M D 
Perkin, Arthur George. 

Pope, William Jackson 
Bose, Thomas Kirke, D Sc 
Boss, Bonald, Major, M R.C S. 
Bussell, James Samuel Basien, M E 
Salomons, Sir David, Bart, M A 
Saunders, Edward 
Schhch, ^ofessor William, CIE 
Sidgreavos, Eev Walter, SJ, 
FEAS 

Smith, Fred , Liout -Col 
Smith, James Lon am, M D 
Smithclls, Professor Arthur, B Sc 
Stead, John Edward, F C S 
Strahan, Aubrey, M A 
Swinburne, James 
Swinton, Alan Archibald Camp¬ 
bell, Assoc M Inst G E 
Symington, Prof Johnson, M D 
Tarleton, Professor Franois Alex¬ 
ander, Sc D 

Tatham, John P W, P.E 0 P. 
Thomas, Michael Bogera Oldfield, 
FZS 

Wager, Harold, F L S 
Walker, James, M A 
Waterhouse, James, Maj -Gten 
Watkin, Colonel, B A, C B 
Watson, William, B Sc 
Whetham, William C D, M A. 
White, William Hale, M D 
Whitehead, Alfred North, M.A. 
Willey, Arthur, D.Sc. 
WoodheadiProfeasm* German Suns, 
MD 

Woodward, Arthur Smith, P G 8 


Tire following Papers were read 

t. Furthei ObBerYations on Nova Persei By Sir Nobuan Lookteb, 
KCB,PE.S 

U, « Some Physical Properties of Nitnc Acid Solutions “ By V, H. * 
VlBLEY, F B.S, and J J Mxnlst* 

t 2 
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HI. '‘The Anatomy of Symmetrical Double Monstrosities in the 
Trout” By Dr J F Ofmmill Communicated by Pro¬ 
fessor Gr.KLANPi F B S 

IV “Preliminary Communication on the CEstrous Cycle and the 
Formation of the Corpus Luteum in the Sheep ” By F H A 
Marshall Communicated by Pi of ossor J C Ewart FRS 

V “On the Composition and VaTiations of the Pelvic Plexus m 
Acmihias 1 *? ” By li C Punnftt Communicated by 
Dr Gapow, F B S 

VI “ On the Heat dissipated by a Platinum Surface at High Tem])era- 
tures IV~ HighPrcssuie Gases” By J E Petavel 
Communicated by Professor Schuster, FRS 


“ On the Conduciivit} of Gases under the Becquercl Rays ” Bv 
tho Hon. R J Strutt, Fellow of Trinity College, Cambridge 
Communicated by Lord EAiiKi(»fi, FES Received De¬ 
cember 15,1900,—Read February 21,1901 

(Abstiact) 

This paper gives an account of experiments on the relative con¬ 
ductivities of gases under the action of Becqueiel radiation from 
various radio-actii e bodies 

It IS hrst explained that in order to dotormine thfe constants 
fundamentally invohed, the following coiidilions must be complied 
with — 

(1) Tho E M F applied to the conducting gas must be great enough 
to consume all the ions pioducod by the rays 

(2) The pressure of the gas must be low enough to prevent any 
appreciable fraction of the radiation being absorbed by it 

If this is not BO, then tho layers of gas nearer the radio-active 
surface are exposed to stronger ladiation than those further from it' 
The effective strength of the radution will thus depend on the absorb¬ 
ing power of the gas at the particular pressuie, and the observed 
ratio of the conductivities of two gases at the same pressure will not 
represent the ratio of their conductivities under radiation of a given 
strength, 

Tho criterion applied to test whether the absorption was appreciable, 
was to examine tho conductivity at different pressures The range 
was ascertained within which the law of approximate proportaonaiity 
to the pressure held good. In the experiments, care was taken to keep 
the fresBure well withm that range. 
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The kinds of radiation employed are there enumerated. They 
include, 

(1) The most penetrating kind of radiation, from radinm—^that 
deflectable by the magnet 

(2) The easily absor1>e(l kind of radiation from radium, which is 
not so deflectable 

(3 ) and (4 ) The radiation from two diflerent samples of polonium. 

(5 ) The radiation from uranium salt 

The method of measuiement is then described It was m outline 
as follows — 

The layei of the radio-active body was placed at the bottom of a 
shallow brass box coiitaimng the gas under investigation In this box 
and parallel to its flat top was a disc electrode, earned by a brass rod 
passing, an-tight, through an insulating ebonite stopper The outside 
of the Ivox was maintained at a high potential by a battery of small 
storage cells, and the cm rent through the gas measured by the rate at 
which the potential of the insulated electrode rose, as indicated by a 
quadrant electrometer connected with it 

When it was desiied to use only the penetrating rays from radium, a 
thin copper sheet, 0 007 cm thick, intervened between the radio-active 
material and the gas In measuring the relative conductivities of 
two gases, the rate of leak through one was observed at a known 
pressure The apparatus was then exhausted, and the other gas 
admitted, and the rate of leak through xt determined This last rate 
of leak was corrected, so as to obtain the value which it would have 
had at the same pressure as that at which the hist was examined 
The rates of leak thiough the two gases were then comparable 

The mean results weie as follows — 
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<4fM or Topour 

Density 

(relative) 

Badium 

Polonium 

Uranium 



Pene 

tratmg 

ISoeily 

absorbed 

I, 

11 

Hydrogen 

Air (aniamod) 

Oxygen 

Oerbomo acid 
Ciyanogen 


0 157 

0 218 

0 220 

0 219 

0 218 

1 00 

1 11 

1 68 

1 86 

1 00 

X 21 

1 67 

1 86 

1 00 

« a 

1 00 

1 16 

1 64 
1-94 

1 00 

1 00 

S^phiir dioxide 
Qt&rotwm 

2 19 

4 32 

2 32 
489 

1*92 

2 04 
4 44 

2 08 

208 

Me^yl iodide 

Oarbdn totraohlonde . 

6 OS 

5 81 

6 16 

6 S6 

8 74 

. 

8 61 
5 34 

8 47 

886 
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The general concludons are that, 

(1 ) Both the deflectable and undefleotablo rays give relative con¬ 
ductivities nearly, but certainly not quite, equal to the relative 
densities 

(2 ) All the different kinds of undeflectable rays give the same rela¬ 
tive conductivities, but the deflectable rays give somewhat different 
relative conductivities 

Both these kinds of raj's are in this respect sharply distingmshod 
from Bontgen rays, which gi\e relative conductivities several times 
greater than the rolatne densities in the case of gases coiitainmg 
sulphur or the halogens 


“Some Physical Properties of Nitric Acid Solutions” By V H 
Vblky, F It S , and J J Maklev, Daiibeny Curator, Magdalen 
College, Oxford Keceived February 11,—Head March *7, 
1901 

(Abstract) 

The results obtained by the authors on the electnc conductivity of 
solutions of nitnc acid have led them to continue their investigations 
on other physical properties of the same substance with a view of con¬ 
firming the conclusions drawn therefrom 
In the present paper the properties examined are the densities, with 
especial reference to the contractions, and the refractive indices 
The various sources of error and their possible magnitude are dis¬ 
cussed in full for the densities, those of analysis, unavoidable in this 
ease, temperature, enors of filling pyknometers both with acid and 
water, for the refractive indices, those of micrometer screws, divided 
circle, parallelism of quartz plates are more especially alluded to, as 
also Uie several effects hkely to be produced by the various substances 
with which the acid solutions of necessity came into contact* The 
results obtomed by both methods are given ui a senes of tables, and 
* compared with those calculated from vanous equations for straight 
Imes. These show that the physical properties are disconUnuous at 
points corresponding very approximately to the concentrations required 
for simple molecular combinations mb/ of mtnc acid and water In 
the oaae of the densities and contractions, the best defined pomts of 
discontinuity correspond to the composition of the hydratM with 14, 7, 
if S, 1*5, and 1 molecular proportions of water, in the case of the 
refraetsve indices, the most marked pouits correspond to the 14, 7, and 
1*5 Iqrdmteg. 

The resultB for the contractions further confirm those for the eSeetric 
•oooductivities as to a remarkable discontsnmty at ooneen^tkms 95 |fer 
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C6tit to 100 per cent, which can possibly be explauied by some mue 
other than the combination of acid with water 

The contractions show that these points of discontinuity, though to 
some degree real, yet to another degree are ideal ui that there is within 
the limits of 1 to 2 per cent m the vicinity of such pomts a transiuon 
stage 

The values for fi are further expresses! in terms both of Gladstone 
and Dale’s, and of Lorentz’ formula, and it is shown that the values m 
neither case are constant, but decrease with increase of concentration, 
and also that Pulfnch’s formula which expresses the relation between 
the ref 1 active index and the contraction in terms of a constant is 
only approximately applicable for results differing by small per¬ 
centage concentrations, but not so in the case of considerable 
differences 

The results are illustrated by a selection of curv’^es, with especial 
reference to the points of discontiiiuity 


* The Anatomy of Symmetrical Double Monstrosities in the 
Trout” James Y Gbmmill, MA., MD, Lecturer m 
Embryology and University Assistant in Anatomy, University 
of Glasgow Communicated by Professor Cjleland, PE.S 
Beceived February 6,—Bead March 7,1901. 

(Abstract) 

This paper contains the results of an investigation into the anatomy 
of a senes of trout embryos exhibiting different degrees of symmetneed 
duplicity, and gives an account of the structural details which attend 
the fusion, disappearance, or special adaptation of ports ui the region oi 
transition from the double to the single condition Some general 
questiouB suggested by these results are also disoussed 

The monstrosities examined were four months old counting from 
the tune of fertilisation, and they form a fairly complete senes ranging 
from specimens in which the duphmty does not affect more than the 
antenor part of the head to specimens in which there is umon by the 
postenor part of the body or by the yolk-sac only. The classification 
adopted has special reference to the matenal at my disposal and is on 
the Buaie general lines as that given by Professor Win^ in the ‘ Pro 
eeediiigB of the Zoologiod Society,’ 1896. 

13ke axBounatioa of the monstrosities was necessarily preceded by an 
inveetJigBtioa into the anatmny of normal trout mnbryos at correspond 
iaog in developmmit. The results of thu investigatioii are 

hqirfly given, special attention ben^ paid to the cranied, visceral and 
venNtod jdodei^ wiueb at this pei^ is whd&y oac^taginoiis. 
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The following is » short summary of the anatcnay of the ▼Htioua 
hmds of double monstrosity described — 

lypel Umon in head regwn — 

a The twin hrams untied ai the fimencepluil&n 
h The tmn bratne untied at the 7iiedulla oblongata 

Type 2 t/Vtwm m pectoral region — 

a The pectoral fins absent on adjacent ^ides 
b The pectoral fin^ present hut united on adjacent sides 

Types Unum behind the pectoral region — 

a The twin bodies united at a conndmbk dtstaTice in front of the vent 
b The turn bodies united dose to the lent 

Type 4. Union by the yolk-sac only 

Type la showa the folloAing charactcnatics — 

The cerebral lobes aiid the thalamencephiik are douldod 

There are two infundibula, two hypophyses and two pairs of hypo- 
ana The optic lobes have a single cavity, but their basal parts show 
marked evidence of duplicity Corebellum pons and medulla are 
single^ but there is a remarkable reappearance of duplicity in the cervical 
part of the spinal cord 

There are two pairs of Ist, 2nd, 3rd (and 4th) nerves, hxitb only 
single pairs of the 5th, 6th, 7th, 8th, and vagus nerves are iH*esont 
The cervical part of the spinal cord gives off m each segment a small 
extra pair of ventral roots 

There are two pairs of olfactory organs, all of which are nomud. 
There are also two pairs of eyes, the outer ones (ngbt of right head 
and left of left head) being normal The inner or adjacent eyes (left 
of nght head and nght of left head) lie close to one another, and are 
more or less united. They have a common sclerotic and cornea, but 
the retinsB and choroids are separate In some cases the lens is a 
single composite structure , in others it is doubled Of eye muscles 
the external recti are alwajrs, and the supenor obliques are Bornedmes, 
awanting The other eye muscles are all present, and each eye has 
Its own optic nerve, choroidal fissure, choroidal gland and chmmdal 
artery 

In front there are two sets of skeletal structures which converge 
H^ndly as one goes baokwwds The adjacent trabecular, mipraortrtal, 
and palatoptorygoid bars coalesce posteriorly, while the adjaoefit pate* 
(Aordals are united along their whole length. There wpe two pitedtexy 
qpacee. Only a vestige remains of the adjacent Meckehan c*f9iif6i 
The notochords are double in front and remain separate tor nbOUt 
twenly somites. They r^am duplicity longer tiban any 
» structure. Adjaeoit neural and ooi^ arch cartilages %sls6m 
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reduced in eixe, and finally disappear as one goes backwards* The two 
outer senes of cartilages are continued poatenorly into the single region 
of the body 

Umi Kidney —The glomerulus is sometimes double and sometimes 
single, when single it has two glomerular tufts, and is divided into 
three chambers Each of the outer chambers gives origin to a normal 
Wolffian duct The middle chamber is closed When there are two 
glomeruli, a normal Wolffian duct arises from the outer half of each 
glomerulus, but the Wolffian ducts which should arise from the inner 
or adjacent sides of the glomoruli are either entirely absent or are 
represented only by short blind sacculated tubules 
AlimtUary Canal —Two mouth openings lead mto a single buccal 
cavity Pharynx, stomach, liver, and mtostme are single, but there 
are two air-bladder dx\ erticula 


Tyjpe lb hmun tn Head llegmi, the brains beiitg united at the medulla 

oblonyata 

The medulla and the fourth veutncle cavity bifurcate anteriorly 
and lead to two separate sets of mid- and fore-brain cavities and 
masses Pons and cerebellum are double There are two sets of 
cramal nerves The inner or adjacent elements of the 5th, 7th, and 
8th pairs are reduced in size, while the corresponding vagi are 
extremely rudimentary The antenor part of the medulla is double, 
the posterior part is single and composite The cervical part of the 
ppinal cord shows stnking evidence of original duphcity, and has a set 
of small extra roots comuig off from its ventral aspect as in Type la 

There are two pairs of olfactory organs and two pairs of eyes, all of 
which aze normal The outer auditory organs (right of right head and 
left of left head) are normal In addition there is a small malformed 
auditory organ placed in the angle between the two converging heads, 
It consists of united adjacent labyrinths and capsules, and has dis¬ 
tributed to it on either side the small adjacent 8th nerves previously 
mentioned. 

CraMtd Skeleim —In front, the cranial skeletal elements are m two 
separate sots, these converge postenorly, their basal parte umtmg at 
the level of the medulla oblongata Tliere are thus two separate nasal 
cartages, two separate sets of trabeculee oranu and two pituitary 
spaces The adjacent parachordal cartilages umte and form with the 
outer ones a sm^e plate which underlies the composite medulla 
obkmgata and covers the cranial parts of the two notochords. The 
inner or adjacent palatopterygoids, supraorbitalB, hyo-mandibalars 
and periotic capsules are umted and reduced m size In the visceral 
fidmleton there are elements representing fused adjacent Meoketmn end 
hyoid bars, ifrhde the coptdar eartflage whkffi succeeds the glosscdiyal is 
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bifid antenorly The notocbordfl remain sq^iarate for at least thirty 
soDUteB, and have the same arrangement of neural and costal ardb 
cartilages as was described m connection with Type la 

dc —^The heart chambers and the truncus artenosus are 
single, and there are the usual number of gills and gill vessels There 
are, however, two sots of carotid and hyoid arteries, the inner or 
adjacent pairs being derived directly from the truncus artenosus 
The truncus artenosus arches dor&iUy in the septum between the two 
mouths to reach the base of the skull, and then divides into two limbs 
which are continued backwanls to join the aoitic collecting roots on 
either side The dorsal aorta remains double so long as the notochord 
is double 

Ifead Kidney —^Thero is a large composite glomenilus containing two 
vascular tufts and divided into three compartments Normal Wolffian 
ducts anse from the outer compartments, while the middle one gives 
ongin to a coiled sacculated tubule which ends blindly in the tissue of 
the head kidney and represents united adjacent Wolffian ducts 

The alimentary canal has two mouth openings, two buccal cavities, 
and two air-bladder diverticula Pharynx, oesophagus, stomach, liver, 
intestine, and vent are single 

Muscles —In both {a) and (A), so long as the notochords are separate, 
there exists between and ventral to them a median muscular mass, 
divided into segments corresponding with the mesoblastio somites, 
innervated by the small extra ventral spinal roots previously mentioned, 
and representing united adjacent lateral muscles 

Type 2 Untm in Pectoral Region 

(a ) Adjacent Pectoral Fins absent 

(h ) Adjacent Pectoral Fins present, but united. 

In both oases the brains, the cramal and visceral skeletons, the 
organs of sense, and the upper parts of the spinal cords are comidetely 
doubled. There are two hearts and two trunci artenosi In (a) the 
auncles communicate, and the sinus venosus is a large common chaiober 
receiving two seta of juguUr veins, but receiving only a single pair of 
cardinals In (b) the auncles are separate, the sinus venosi have only 
a narrow neck of communication, and there are two complete sets ik 
jugular and cardinal vems The inner or adjacent set of cardinals is, 
however, much reduced m size 

Pectoral Ftm ,—^In (a) pectoral fins are entirely absent from the 
a^aoent sides of the twin bodies, m {b) they are present in a more or 
less united conditioni the unum being greatest towards the posterior 
border. * ^ 

IHehead Iddney resemldes that described for Type 1 (b), the meijlfaii 
» tnbifio is, however, larger, aiui IB coxitmYiisdf^^ t 
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SyimMtTUiid Do\Me UmstrmUim %n the Trout 

Abmerdarp Gomal —Mouth, pharynx:, air bladder and stomach are 
double Union takes place in the pyloric region Liver, intestine and 
vent are single 


Tjfpc 3 Unxim by Podenor Part of Body 

The intestines are united for a greater or less distance forwards from 
the vent, which is almost always single The sagittal planes of the 
twin bodies converge ventrally m a degree which, roughly speakingr 
^ anos directly as the degree of duplicity The spinal cords may or 
may not unite anterior to the place of union of the notochords In 
some cases the spinal cords remain separate along their whole length 
As a rule, in cases where vcntial convergence of the sagittal pianos is 
well marked, dorsal structures, such <is the spinal cords, dorsal fins, and 
dorsal edge membranes, remain double longer than structures which are 
more ventrally placed 

The twin head kidneys are quite separate, and each gives otigiii to 
two Wolffian ducts The lelations of the posterior parts of these ducts 
and of the bladders show remarkable vanoty In rare cases the two 
adjacent Wolffian ducts (^ e , left duct of right twin and right duct of 
left twin) end blindly and separately, while the two outer ducts open 
into a single normal bladder In all other cases there arc two bladdeis, 
each of which receives a right and a left Wolffian duct belonging to 
different twins The two bladders may lie qmte separate, or they may 
communicate with one another When they are separate each of them 
may open by a urinary pore, or one of them may have no outlet, and 
may be greatly enlaiged through retention When the bladders 
communicate with each other, only one of them possesses a urinary 
pore 

The intestines are separate in front, but m all my specimens they 
unite postenorly The united part usually ends by a single vent, but 
in one remarkable instance two vents were present which terminated 
by anal onfices situated on opposite sides of the composite body of the 
monstrosity 


Type 4 Unton by Yolk-sac only 

Each embryo has a complete and separate complement of organa 
The alimentary canals are shut off altogether from one another and 
from the yolk. The vitelline circulations are crosaed. 


General, 

The general part of the paper discusses hneAy — 

{1 ) The idiosyncrasies and general arrangement of mesia] and 
paired organa at the transitional regitm in symmetncal double 
mcmstmities. 
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(2.) Certain inetances of correlation and irregularity in develop* 
ment Mode of ongin of double monstrosities in the trout 

The discussion under these heads is based on the evidence brought 
forward in the descriptive part of the papei 

(1) It is shov^n that at the region of transition in laterally symmotn- 
eal double monstrosities the notochords are the last structui es to unite, 
while equally pnmztive structures, both dorsal and ventral to the 
notochords, viz, the neural axis and the alimentary canal, lose their 
duplicity eai her It is fui thor shown that those parts of the neural 
axis and alimentary canal which are most closely apposed to the noto* 
chords retain evidence of original duplicity longer than parts which 
are more remote* The floor and loof of the neural axis and of the 
alimentary canal are seen to be in marked contrast in this respect 

Duplicity of the dot sal aoita, of the pronephne glomerulus, of the 
vertebral cartilages, of the body muscles and of various other stnic 
tures is correlated with duplicity of the notochord 

In paired organs the transition from the double to the single condi¬ 
tion takes place at the expense of the inner or adjacent elements, which 
are usually united and reduced in size before they disappear altogether 
A list is given of the more important examples of umon «uid reduction 
m size of adjacent elements in the transitional region, which are 
mentioned in the descnptive part of the paper 

From the evidence brought forward it is inferred that fusion has 
played a not unimportant part in moulding the form of the neural axis 
and the alimentary tract in the transition region. The union of 
adjacent paired structures is probably to be explamed by the fusion of 
mesoblastic blastema developing laterally from each of the embryonic 
axes near the place of convergence and union 

(2) The law that union takes place between homologous structures 
always holds good Both twins usually contiibute equally and 
symmetrically to the sum of structures in the transitional region A 
short list of exceptions to this rule is tabulated, but their paucity 
and want of importance only serve to make more striking the general 
symmetry of structure in all the specimens examined 

With the rarest exceptions, all double inonetrosities in the trout ore 
examples either of anterior duplicity or of union by the yolk-sac only. 
This contrasts very markedly with the types of double monstrosity 
found in the higher vertebrates, particularly in the birds and mammals 
An explanation is suggested which depends on the mode origin of 
the primitive streak in osseous fishes and on the manner m which the 
blastoderm overgrows the yolk mass 
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“ Preluninarj* Communication on the CEstrous Cycle and the 
Formation of the Corpus Luteum m the Sheep ” By F H A. 
^Iakshacl, B a Communicated bv Professor J C, Ewart, 
F U S Ifeoeived February 15,—Bead March 7,1901 

Tho sheep employed in this lesearch were for the most part half- 
breeds between ChcMots or Leicosters and Scotch Black-faced Some 
wore very kindly kept for me hy Professor Ewart at Penycuik, while 
others were obtained from a neighbouring farmer, and killed at Aarious 
Intel vals after (opul ition V quantitv of niaterwl was also obtained 
from the slaughtoi house In all these breeds the lambs are born in 
February or Slurch, and the ewes come into «»ea8on m the following* 
Octobci or November * Yearling lambs are ready to take the ram 
about the same tune 

Between March and OctoTier (period of anoestrum)t the utema 
remains in the normal condition (the resting stage) A large number 
of oiancs from sheep killed in Jnl}' and August were examined and 
sections cut, but in no o^ise weio there seen either protruding follicles 
or corpora lutoa, or follicles beginning to undergo atresia Moreover, 
the w tills of the Fallopian tubes showed no sign of congestion of the 
blood-vessels Oiaiios from sheep lulled in the middle of October 
showed that the follicles were nearly approaching iiponess this being 
indicated by the extent of their protrusion, and a little later burst 
follicles were first oliserved From that time to the end of December 
recently ruptured follicles m sheeps* ovanos were quite common It 
has been found impossible to draw any hard and fast line between the 
prooestrum and oistrus for sheep The latter follows on the proceslrum 
very quickly, and the two combined are of short duration, probably not 
more than tw»o days They will here be considered together, as 
certain stages which appear to correspond to those which Hoape 
regards as forming part of the promstnim in other animals occur in 
sheep at or oven after the time of copulation 
At the close of the period of anoestrum certain changes take place 
in the extenial reproductive organs, the uterus, and the Fallopian 
tubes. The vulva becomes distinctly swollen and congested, and I 
have observed a slight flow of mucus fiom the external opemng, but no 
Uood Subsequent examination of the uterus has shown that bleeding 
of the utenne wall is extremely slight, but it is, m some cases at any 
rate, undoubtedly present From an examination of the extern^ 
generative organs it is impossible to determine through what stage of 
the period of growth or period of degeneration the uterus is passmg, 

* Dorfot ikec^ alono of Bntuh broods have two gestations a joar 
t Hespe, “ The Bexud Season m Mammals,'* ' ()i. J. M S / vol 44, Norembor^ 
WO l^eterros ''anesstrutn," ** dusstram," &e., are here explebod 
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nor has it been, as yet at any rate, possible to state the duration of each 
or all of these stages The period of growth is marked by the hyper¬ 
trophy of the uterine stroma by nuclear division, both in and between 
the cotyledons The nuclei m the early stages are cbstributod most 
thickly in the region closest to the epithelium of the cotyledons The 
blood-vessels incioase both in size and number, not at first so much in 
the cotyledons as between them, and deeper iii the stroma and in the 
muscle layers below the stroma The uterine cavity, no\er ver}^ large, 
IB at this peiiod almost obliterated The changes alxive mentioned 
result in the breaking down of coitain of the blood-vessels The blood 
corpuscles thus sot free become scatteied throughout the stroma, ^here 
they form irregularly shaped patches and streaks lying a little below 
the epithelium, but I have never seen spaces large enough to be 
described as lacunae These corpuscles no doubt go largely to form 
pigment,^ us supposed by Boiinett and Kazzander I Oidy in a few 
places does the epithelium of the cotyledons, as seen in section, lose its 
continuity, and then not more than four or five cells have disappeared 
Passing to such places may be seen small sti earns of blood corpuscles 
which were being poured into the uterine cavity Thus the charac¬ 
teristics of all Hoape’s stages from I to VI are more or less clearly 
recognisable 

The sheep, sections through the utonno wall of which show the last- 
mentioned characters (stage VI), was killed within three hours after 
coition A Graafian ^llicle had just ruptured, as was at once appa- 
reht from the bloodstain on its surface, but the blood had not yet 
clotted Subsequently cut sections revealed the point of rupture, and 
also the ovum and discus proligorus, which had not yet been dehisced 
It was apparently from such a case as this that Hausmanng drew the 
conclusion that in sheep ovulation cannot take place without coition 
That this IS not the case, at any rate for the virgin ewe at its first 
oestrus, I subsequently proved Some yearling lambs were kept along 
with a ram which was rendered temporarily incapable of insemination 
by the method generally followed by sheep breeders The time when 
the ewes came into season was indicated by their attitude towards the 
ram (Estrus having been detected by this means, the ewe m 

* Black pigment may not infrequentij be obaorrrd, especially between and round 
tke baaoB of the cotyledons, beneath the uterine epithohum In one esase the 
pigment was so distributed as to render the interior of the uterus perfectly blaok 
between the cotyledons I hate never observed this pigment m the uterus ®f 
yearling lamb* 

f Bonnet See Mlenberger*s*Tergleicheade Physiol d HausBOugethiem/rol fi, 
Berlin, 1892 

J Sassander, ** t)ber d Pigmentation d ITtenniehleimhaut des Sohafes,** ‘ Aroh 
f tfikr Anat / vol 86,1802 

I Bmxsmaimi * Uebar die Zeugung und Bntetehung des wiftmsn welblicheii 
Xie^* *e.,Ban«eer,1840 
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^uesfion was separated from the rest, and a day afterwards Idlled, 
when it became evident at once from the blood-dot on the surface of 
one of the ovaries that ovulation had recently taken place Sections 
through this ovary showed the point of rupture of the folhcle. This 
fact, that ewes need not be served in order to induce ovulation, is of 
considerable importance, as it indicates the possibility of obtaining 
successful results from the artificial insemination of sheep 

When ovulation takes place, one follicle only may rupture at a time, 
or one follicle in each ovary, or tn o m the same ovary 1 have never 
observed any greater number of discharged follicles of the same age m 
the ovanes of a sheep * 

The period of heat ** in sheep is further marked by tbe distension of 
the blood-vessels of the Fallopian tubes, which may throughout almost 
their entire length bo coloured a deep purple The increased size of 
the vessels is also seen in section, but there is no breaking down of 
vessels There is too some evidence of increased blood supply to the 
ovanes, apart from the region of the ruptured folhcle 
The changes ^hich take place m the metosstrous penod have not as 
yet been fully woiked out, but at a period three days after coition, red 
blood corpuscles in a state of hiemorrhage, and arranged in streaks 
below the opithehiim, have been observed It would also appear that 
new capillaries have l>een formed Metosstnim is succeeded by a 
period of rest (dioestrum), which after not many days is followed by 
another proccstrum, and so on, until the sheep becomes pregnant or 
the breeding season is over The complete dioestrous cycle in^6 
sheep m the only case which came under my observation was fifteen 
days, but from the observations of others with whom I have spoken it 
would appear to vary from about thirteen to eighteen days 

The FomiaU&n, of the Gm'pus luleum, —The age of the corpus luteum 
in this investigation was in each case reckoned, either from copulation, 
or, where copulation did not or was not known to have taken place, 
from the time when oestrus was observed Of course it is possible that 
ovulation does not always take place dunzig (Bstrus, but the observed 
reUtion between the state of development of the corpus luteum and 
the time that had elapsed between oestrus and the killing of the animal 
IS by itself strong evidence that m the sheep the two phenomena are 
approximately coincident. In no case after a sheep in which eestrus 
had been observed, was killed to obtain a stage in the development oi 
the corpus luteum, was the corpus luteum not found It could 
usually be at once readily detected by the blood-elot which remains on 
the surface of the ovary for several days after the riqiture of the 
follicle 

Hie cotpus luteum of seven hours differs from the unburst folbde 
k Its size and in the fact that the ovum as^d dzscus {mhgenis hare 
• are, hovsver, not unoomsKm m mum breeds of ihssfu 
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bera dJsebarg^cL It » rather more than half aa lar^ aa tM npe 
follicle^ and consequently does not protrude from the surface of the 
ovary Very little blood remains within the cavity, but corpuscles are 
seen scattered through the memhrana granulosa, these being derived 
from vessels whose walls have broken down, not only near the point 
of rupture of the follicle, but to a less extent around the whole theca 
interna The membrana granulosa is approximately icc the thick¬ 
ness of that of the npe follicle, some of the cells having increased 
largely in size, iihile others, especuilly those nearest to the periphery, 
retain the characters of the original follicular epithelial cells The 
central cavity coniains a hmd lesembling in all respects the liquor 
folliculi At this stage there is no sign of any growth inward of the 
theca interna, and I have not observed any mitoses among the cells of 
that layer 

The corpus luteum of twenty-four hours has undergone considerable 
changes Its increase in size is well marked, its dimensions now ap¬ 
proaching those of the npe Graafian follicle Its shape is generally 
irregular, and its walls are much folded The central cavity is smaller 
This cavity, which, as in the earlier stage, contains a fluid, communi¬ 
cates with the extenor by a slit-hke passage opening into a cup-shaped 
depression on the surface of the ovary, from which the corpus luteum 
now appreciably protrudes The depression and sht-like passage 
represent the point of rupture of the follicle The epithelial wall of 
the cavity is at this penod at least twice as thick as that of the 
seven-hour stage, this increase being due for the most part to the 
simple hypertrophy of the individual colls composing it, these appear¬ 
ing in section two or thiee times the size of those of the membrana ’ 
granulosa of tbe Graafian follicle Division is, however, not very 
infrequently to be observed among the epithelial cells But the thick¬ 
ness of this layer is also mcreosod by the ingrowth of connective tissue, 
strands of which, arising by cell proliferation of the theca interna, are 
growing inwards and penetrating the epithelium. These connective 
tissue strands present a radial appearance The colls of which they 
are composed are commonly fusiform in shape, and mitotic division is 
very common among them But although the connective tissue ele¬ 
ment of the corpus luteum of the sheep is provided chiefly by the pro¬ 
liferation of the cells of the theca interna, it is in part derived from 
the more fibrous theca externa, from wbeh layer strands of cells, 
usually m close connection with those of the inner layer, are at this 
stage beginning to grow inwards between the epithelial cells Bed 
blo^ corpuscles occur m scattered patches and streaks, as m the earlier 
stage 

the corpus luteum thirty hours after coition, the inner theca layer 
bee 1 ^ but disappeared^ having been used up in thefontiatum Of the 
iate^q^flhal connective tissue The epitbc^l cdl% wldoh ha^ etUl 
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further hyportrophied, arc now in phicca surrounded by a network of 
fusiform cells The point of rupture of the "follicle is still openj and 
communicates with the fluirl-c on taming cavity 

The cpitheli.il celU of the corpus hiteum of about fifty bom's are 
foul or five tunes the si^c of those (jI the undischarged follicle, as seen 
in section Mitolic dnision is very rare among them, but e\idence of 
itmayfatill occasionally be obser\ed Proliferation of the connective 
tissue colls (ontunuM to take place, chiefly in the direction of the ceritial 
ca\ity, mIucIi has bcc()nie smaller Leucocytes aio to bo seen .among 
the epithelial cells, as well as free rod corpuules The inner theca 
layer, as Riuh, has <ljsippcared The coipus Jutenm as a whole pre¬ 
sents a r.iditil a}}pcaTaricc 

The corpus liitium of sixty hours has undergono a further change 
The coiiiioctnc tissue cells are clivuling in all directions, so that nearly 
every epithelial cell is sui roundcil bv an anastomosis of fusiform < elU 
The central ca\ity aUo is lompletcly enclosed by a layer of connective 
tissue The opitheliiil (tils aic still increasing iii size by simple hyper¬ 
trophy, but I hate nut observed any (asc of division Lai go blood¬ 
vessels, dented from Ihos* of the inner theca, may' bo seen m the 
opithtdmm ntai the pe iphei> The coipus lutoum is now larger than 
the npc follule 

The succeeding stages in the development of the coipus luteum 
show the still fuithci increisc in the connective tissue proliferation, 
and in the liypeitiophy of the epithelial colls, and the consequent 
groM'th in size of the whole btiiictiue The dimensums of the dot elop¬ 
ing corpus lutoum aro, however, no sure guide to its ngn, for I h.a\o 
observed two in the samo otary and of the same age, 1 ait with aii 
appreciable difierence in si/e Blood tessols, at hi^)l; only’ to bo 
observed neai the theci mtoina, spicad towards the ten tie The 
catuty becomes oblitor.itod by the inward growth of connective tissue, 
and the point ot ruptu o ceases to be \isible Ihe connectno tissue 
becomes raoic and more finely distributed throughout the epithelium 
When the cells of the latter have attained a size of about six times the 
dimensions of those of the unaltoroil raombrana granuhra of the ripe 
follicle, fatty degeueiation sets in, and they become converted into 
lutein cells 

The above account of the development of the corpus luteum m the 
sheep agrees substantially with that gnen by Sobotta* lor the mouse 
and the rabbit, and by Stiatzf for Ttqnim and Tarstus It differs fiom 
Sobotta in the descuption of the part played by the theca externa, and 
in recording the not infrequently olisorvod multiplication of the ep*- 

• Sobotta, “Ueber die Bildung dea Corpus luteum bei I’er yaus,*’ 'Arthivf* 
Mikr Anat ,*^0! 47, 1806 , UebordieBildnng des Corpus luteum bcim Kaninc) cn, 

^ Aiiatomisobe Hefte,* vol 8,1897 
t Stratz, * Der gesohle *htsreife S&ugetiereientock/ Haag, 1668. 

VOL. LXVm 
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tHoIicd cells by mitotic division in the earlier stages In the latter 
respect it tends to agree with Belloy,* I'vlio, however, describes active 
multiplication of these colls, and does not appear to locognmo the 
proliferation of the cells of the theca interna On the otbei hand the 
foregoing account is entirely opposed to the views expressed since the 
publication of Sobott.i’s 'work by IIis,t KDclhkcr,t Xagel,! Clark,§ 
Eabl,ll and Doering,f who all moie or less iloaily describe tlio corpus 
luteum as nn entirely connective-tissue stnuturo 

It remains to bo added that the woik is being earned on in the 
Zoological Depaitniont of the Univcisity of Ediiibuigh 

[Pewi/sm/j/, Frlmiai}! 22—Since wuting the above account of the 
development of the corpus lutemn, I ha\e obtained a l()-hour stage 
from a sheep which was an unusually late bleeder Thp chaiacters of 
the young coipus luteum at this stage aic intermediate lx‘tween those 
of the 7-hour and 24-hour stiges The inwar<l giowth of the oonnoc- 
tive-tissuo cells has begun The sections pass through the point of 
rupture, which is widely open ] 


‘‘On the Composition and Variations of the Pehic Plexus in 
Acanthta'i vvlqm iB*' P>} li 0 PlT^NE^T, B A , Gonville and 
Cams College, Cambridge CWinuine^ated by Dr H Gadow, 
F R S Recened Febrnaiy 16,—Read March 7, 1901 

(Abstract) 

The facts recorded in this jmpor may bo summarised as follows'_ 

(1) Considerable vanation occurs in Aranlhias vulgaris with regard 
to— 

(a) The soricd number of the girdlo-pierciiig nerves, 

{h) The numlier of the post-girdle nerves, 

* Belloy, « Rc< lit relies sur rongine cles corps jumio do I’oTaire choz le rat at le 
oochon dTnde,'* ‘Comptos llcndus de I'Assomtjon des Analomistez/ publics par 
lo Professeur A Nict»Ia«», premi^ro session, Pans, 189^ 
t Jlifl, *1 “ Veihandlnngonder Anatomisohen Goeellschaft auf dar zwOlffcen 
Koellikcr, J Versaminlung in Kiel/* April, 1808, «Anat Anr / rol 14 
t Nagel, »l)ie weiWuhen Gcsohlef btsorgane/* «Handbucb der Anatottiie des 
Mensthon/ >ieraitf.g ion K t Bardebben, bd 7, toil 2, abt 1, Jena, 1806 
§ Clark, “ TJrspmng, Waclistum imd Bnde des Corpus luieunt. &o‘ Aroh^ f 
Anat, u Physiol, Anat Abth /1898 

1808^^^* zur Hjstologie des Eiersteeke/' &o, *Anat. Hefte/ roL 11, 

•a1S7;owJ'i780!" ®‘”“^**** ** ^ 
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(c) The numher of nerves forming the collector, 

(d) The nuraher and position of the iier\e can^ils, 

(e) The numher of the hn rays , 

(/) The ijuml)er of the whole vortcbia* 

% 

(2) Asymmetry occurred in an appiocwhlc number of cases 

(3) Diffcroiicos ocouned m the tuo sexes on the following points 

The position of the girdle is more rostral in the male than in 
the finwle The post-giidle fin iniicivation areti is gi eater in 
the male than in the female, owing to the de\clopment of the 
mixiptci^gium 

(4) The female is, on the whole, more \aii(iblo than I he male 

(5) A well-marked (on elation exists between— 

{a) The position of the ginllc and the number of collector 
nci ves, 

(/>) The position of the girdle and the number of post-girdle 
nci ves, 

(() The position of the girdle and the number of whole 
vertehne 

(6) No (Oilelation was found between the number of the fin ray^ and 

the number of fin neivcs 

(7) At ccitain stages in ontogeny the number of collector nerves is 

gi eater than in the adult 

(8) At certain stages in ontogeny the number of post-girdle nerves 

IS greater than in the adult The most caudal two or three of 
these form a posterior collet tor- a structure which is never 
found in the adult 

The facts recorded have been used us ciiteiia between the two aval 
theories of limb origin with the following results — 

(1) To explain the variations on the side-fold excalation theory, it 
must be assumed that excalation of segments is gonig on in the 
collector and pre-collector areas whilst, at the same time, intercalation 
IB taking place in the post-girdle area, or, m other words, that the 
portion of the vertebral column in front of the girdle is tending to 
split up into fewer segments, whilst simultaneously that portion behind 
the girdle is tending to become divided into moie segments Leaving 
on one side the improbalulity of two contiguous portions of the 
vertebral column undergoing at the same time two opposite processes, 
an examination of the number of whole vertebras associated with 
different positions of the girdle lends piactically no support to the view^ 
that intercalation is going on in this area 

(2) On the side-fold excalation theory, an explanation of the vana- 
tions m the position and number of the nerve canals of the girdle, and 
of the occasional inatanoes of asymmetry, necessitates the aasumption 
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thaiith^ pelvic girdle m different specimen^ is not homelc^Q^iftrHin 
assiupELption which at present seetna unjustifiable* ^ 

The diffeient sanations observed are not discordant wit^t the 
view^ that the limb is capable of migrating along the liody, on which 
vioW It must he supposed that a secondary rostral miration has 
followed d primary caudal one Moreover, such a view receives 
confi^TiJktion from the evisteiico of a posterior collector and of a more 
exte|isive anterior collector in certain embryonic stages 


“Burther Obseivatious on Nova rciBOi*’ liy Sit Normax 
:| ocicyER. K C B, F11S* Received and Read March 7,1901 

, • [Plate J ] 

^00 the prehtmnarj' note on this star rras commuiiicatocl to the 
Society on Februaiy 28th, obBer\ations have been possible on 
-theRights of Febniary 28th, Maich 1st, 3nl, and 5th, and twenty- 
foul^ photographs of the spectrum have been taken with the instru- 
.meiiis before detailed 

Itf may be stated gen ei ally that the light is slowly waning On 
Febifuary 28 th the star was only slightly bnghter than aPorsei On 
Maqtih Ist it was estimated as about equal to aPersoi, t«, about 2 0 
m^itude When it was again visible on the evening of March 3rd, 
it w|ls distiuAly less bright than 13 Persci, and its magnitude probably 
6, on the 5th its estimated magnitude was 2 7 
■ae above refers to the visual brightness A photograph of the 
regibn occupied by the Nova on March 3rd showed it to bo photo¬ 
graphically brighter than a Porsoi 

, Gena al Desa iphm of tlie Specti urn 

T^e photographs show that the bnght hydrogen hnes are succes- 
Siv^y feebler as the ultra-violet is approached, and the whole of the 
sejw of hydrogen lines have during the past week become lelativelv 
bn^tor with respect to the remaining lines and the continuoii 
epeftrura The spectrum extends fer into the ultra-violet 
Among the changes which have taken place m the vmMe p«tof 
^^spectrun, i may be mentioned that while the lines of hySLn 

fS ^ Til during the past week, the riSne 

b^. With the possible exception of the prominent one at K filfifi iave 
beOme distinctly dimmer. There has also been a dimfaiu^B Z 
intfnsity of the contmuous spectrum The Ima ^ 

WjWity of which hae ttot yet been defimtely determweA^^l^ 
de<#eased m intenstty wrth the diminution rf 
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In the visible part of tlie spectrum the bright green-blue Y |]pib of 
hydrogen has become more conspicuous as the neighbouring |;reen 
lines have become fainter, and the bright C line is intensely briUtifnt 
From all these causes, which give us blue light on the pne hui4<and 
red on the other, the star should present to us the precise quality of 
1 cd which has been observed 


Colour 

At discovery the star was desenbed as bluish-white No obi^va- 
tioiis on Its variation in liuo during its brightening ueie posbihle, 
owing to unfavourable weather conditions The observations diiring 
the period of dotliuc have indicated a change to the present colour of 
.1 decided claret red In compai ison with this, it is lutcrosting toJuoto 
that in the (aso of the Nova which appeared in 1604, Kepler nllncles to 
jnirple and red tints assumed by the star ^ 

C/tani/rs 7U ike Pkoloqrojjiic Sjfertttfm . 

B(‘twcon February 25th and March 5th, to take the extreme diffefonce 
of dates on which pliotographs were obtaine<l, it has boon noted ^that 
while some of the daik lines were absent at the later date, cither new 
lines had come in or pi eviously feeble linos had become iiitcnsteed 
There has not vet \^cxi time to determine accurately the position of 
these lines (see Plate 1) i 

The appearance of the bnght lines of h} drogen which 1 desewbed 
as being reversed on February 25th, had very matenally change# by 
March 3rd 

In inspecting the dark baii<l rcprosonting the bnght hydrogen iirH€ 
two duiker fmc lines are seen nearly coincident m position with the 
edges of IK in the spectrum of « Persei ^ 

To my eye the light curve is as follows — 

Hz 





red. 


The appearance m different ui the caao of the F 
light curve of vrbioh 1 aUo give— 


line 
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No doubt the diffcroncos in the appe xranees are due to the fart that 
at He are dcal]n £5 \ntli the lines both ot h>tho‘i;cii and (akmm 
Eough measurements on the bnght line 1 \{^ show th.it the int^Tval 
between the ceuties of the two extreme nmxiini hhown in the light 
cuive corresponds to about/ 25 tenth ineti cs ^Jhis xxould gixc a 
difterential velouty of 900 inihs po’ s( rond between the dilicient 
sets of hydrogen atoms u\ the bnglit-line snarni itself 

It may he thou that the appearances dcsciibed .is lexcisals of the 
hydrogen lines on Fehrmiij 21th, weie but the Ijeginning of the sub 
sequent changes 

The comjiariaons wiUi 8t<irs which ha\e been taken with the eht 
spectroscope on each evening of okser^ition, induate that no great 
change in the \elocit^ of the darlv-liuo comj»oucnt?ias occuircd 
So much, howeAcr, cannot bo said of tlio bnght lines, in which u 
change has boon obseiwcd In .wldition to the hydrogen lines the 
strong linos in the giccn alioady asciibed to non, appoai to bo double 
in the photographs most recently obt.iincd 

Conijmrisfm iiith Cygni 

The view of the appaicnt similarity between the spectra of Nova 
rcrsei and Nova Auiigse, to which I diew attention in my previous 
paper, has been strengthened by the compaiisons which have since 
been made 

The bnght linos in the spectrum of Nova Persei are so broad, 
especially in the blue and violet, that accurate determinations of their 
wave-lengths are difficult to obtain The luies less refrangible than F, 
however, besides being more isolated, are nariower than those in the 
more refrangible part of the spectrum A diioct comparison of these 
with the lines m the spectrum of a star which is known to contain the 
enhanced linos of iron, &c, has been conaideied a bettei* method of 
arriving at some definite conclusion as to the connection between the 
Nova lines and the enhanced lines, than that of detormixiuig the wave¬ 
lengths of the broad hues and comparing the results with the known 
wave-lengths of the enhanced hues. 
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The beet star for this purpose is a Cygiu^ but unfortunately no good 
]|^otograph has boon obtained at Kensmgton of the green portion of 
the spectiuTD of that star The sta^ most nearly approaching oeCygni 
in relation to enhanced linos is ol Cams I^Iajons, which in the 
Kensington classifiLatioii has been placed nearly on a level with the 
former stai, but on the descending side of the temjiejature curve la 
the spectrum of this star the euhcinoed lines of iron XX 492411, 

5018 63, 5316 79 occur as a ell marked lines This 

spectrum has I>oon dirtHilv' compaied with th.it of Nova Porsei taken 
with the saoic lustrumeut, and the fact that all the Imoj apparently 
comcidi, aflords good c\idciKo that the connection is a loal one, and 
that the hist full! strong Xova linos beyond F on the less refrangible 
side arc the icpie'.entitives of the enhanced linef* of iron These are 
the only cnhauLcd lines whnk OcCm in that pait of the iron apectram, 
with the c\eoption of .i weak one at X 5276 17 Theie is only a trace 
of thib line 111 the bpectia of oithci the Novi oi % Caiijs Majoris which 
ha\e been (ompatei! In the spcftia of the No\a obtained with lower 
dispelsjoii, howeiei, a line is chstincUy shown in this position, though 
It IS considc'i abl^r iveakei than llie foui hues preMously mentioned 
The absence of the strong hncs winch ate familiar in the arc spec* 
tnim, and in the oidniaiy tpaik spectium in this legion, la to be 
ascribed to highoi temporaturo, expenments which are in jwrogress 
show that uiiciei certain conchtions, the two linos X 3018'6 and 
X5169 Hie by fai the strongest lines in the spectnim of non between 
X 500 and D, while that at X 4924 1 is distinctly btionger than ^ny of 
the well-known gioup of foui arc lines in which it falls 
The published \va\o lengths of the lines of Noia Aungm show that 
the same lines weie present in that star Fuithor iiuestigataons of 
the spectrum of Nova Aung« have sfciengtheiiod the conclusion that 
most of the lines, after wo pass from those of hydrogen, are enhanced 
lines of a comparatively small number of metals 

When the inquiry is extended into the region more refrangible 
than H^, the evidence in favour of the similarity of the spectra of the 
two Novee with that of a Cygm is not so conclusive, because of the 
greater breadth of the lines (since the spectra have l>een obtomed by 
use of pnsms) and because of the fact that m this re^u^ the 
enhanced hues of iron frequently occur in groups 
In the region between 115 and Hy, however, there is a well marked 
enhanced hue of iron at X4233 3 and also two doubles at XX4173 7, 
4179 0, and XX429C7, 4303 3, and a comparison of aCygni with 
Nova Persei indicatos that these fall on broad bright bands of the 
Nova 

It IS not claimed that all the enhanced lines which appear m the 
^Cygni are represented in iii Nova Aurigss. There , 
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18 , however, a sufficient reason why at a particular stage in the 
spectrum of su h Novie the enhanced lines of certain substances 
should predominate Thus, in y Cygni, titiiimm is most strongly 
represented by enhanced lines, m a Cygni, iron, chromiura, an<l nickel, 
in j8 Ononis Fihcnim and magnesium, and so on c may thus 
expect to find the linos of different substamos most prominent at 
different stages in the history of the star 

In the work above referred to Thave bcci assisted as follows — 
The new photographs have been taken by Di laKk^er and Messrs 
Fowler, Uaxandall, Shackleton, Butler, Shau, and Hodgson The 
detailed examination of the photographs has been nude hy Messrs 
Fowler and Baxandall The visual observations line been thiefiy 
made by Mepsrs Fowler and Butlci Ihe photographs lia\e l»(»en en¬ 
larged and the illustrations foi this paper piepaicd bv Happci AVilkie 
To all, my best thanks arc due 


Mm ill 14 ,1001 

Sir WILLIAM HUGGINS, K C B, D C L , PrcMdont, m the Chair 

A List of the Piesents received was laid on the table, and thanks 
ordered foi them 

The following Papers were re.wl — 

I “ The Action of Magnetised Electrodes upon Electneal Discharge 
Phenomena in Itarchcd Gases ” IJy C E S PflUJJi's Com- 
niiiincated by Sir W Cuookes, F 11 S 

II “ The Chemistry of Kerve-degoner.it*on ” By Dr Siorr, P' E S, 
and Professor Ham jbuktos, F R 8 

III. On the Ionisation of Atmospheiic Air ” By C T H Wilson, 

FES 

IV. “On the Prcpaiation of Largo Quantities of Telluiium” By 

E AfATTHEY Communicated by Sir George Siukes, Bart, 
FES 
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** The Action of Magnetised Electiodes wpon Electrical Discharge 
Phenoiiiena in Ihiiefied Gases ” By C E S ruiLUPS Com- 
inuniaited by Sir Wiluam Chookks, FKS Eeceived 
Februaiy 28,—Bead Marcli 14, 1901 

(Abstract) 

A prclinunary account of this investigation has already been laid 
before the Societ}^ * The pi esent paper deals more particularly with 
the conditions necessary foi the production of a luminous ring in 
rarefied gases and uruler the influence of electrostatic and magnetic 
forres 

The CfUise of the luminous phenomenon is traced to the action of the 
magnetic field u^ion cloctnfied gaseous paiticles within the rarefied 
space, and e\pcnment.il evidence is given to show that the rate of 
change of the magnetic lines is an important factor 

Numcious evpciimcnts relating to the loss of positive doctiification 
from a charged body when ])laced in a raicficd space, and in the 
iieighbouihaod of a niagnetu hohl, are also described in detail t 

An a])paiatus siniilai to that retciicd to in a previous communica¬ 
tion was geneially found nio«t suitable for obseiving the formation 
and behaviour of the luminous ring It consisted of a small spherical 
glass bulb 2 5 inches in diameter, and provnled with short })rojectmg 
necks for the puriiosc of carrying two oppositely placed soft non rods 
These lods viero pushed one through each of the short tulles, cementod 
in position, and an anged to have their pointed ends withm the bulb and 
a sixteenth <jf an inch apart 

The coics of two electro-magnets were then butted against the 
cktemal ends of the rods, for the puipose of magnetising them when 
required 

W'hen the gas within the bulb had been rarefied to a pressure of 
about 0 00r> mm of mercury, a discharge from an induction coil was 
sent thiough it for a few secomls, the rods (now used as electrodes) 
meanwhile icmuining uiiinagnetiscd But when the discharge was 
stopped and the magnets wire excited, a luminous ring appeared 
within the bulb, in a piano at right angles to the magnetic axis, 
between the pointed ends of the electiodes, and m rotation about the 
lines of magnetic induction 

The luminosity of the ring was found to ho intermittent, its spectrum 
showed no pecuhanty, and it was not possible to obtain satisfactory 
photographs of the revolving glow In oxygen the ring appeared a 
Lttle brighter, but in hydrogen or carbonic dioxide the luminosity 
seemed about the some os in air 

• ‘Boy Soc Frocj’vol 64, p 173 
+ ‘ Boy foe Fw / ToU 65, p 320. 
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Two or more rings could bo made to appear by placing an electri¬ 
fied platinum cncle of wire equatoiially within the bulb When the 
platinum circle waa negatively electrified, the luminous ring was 
repelled by it In this marmor the iing itself was invanaldy shown 
to be negatively electrified Its direction of lotation was found to be 
that of the current induced in a loop of wiie when the loop is suddenly 
moved up to a noith magnetic po]o—clothloohing tlirongb the 
loop at the pole The outside of the glass bulb \Mia cd\^ays negatively 
electrified when a luminous ring apjitaiui in the inUtmi This 
pointed to the icmoial of a Lij-ci of positnely elcttnlied gas fiom 
the inner suifaco of the bulb thiough the action of the magnetic field 
Although such radial streams of |iositi\o ions so piodmed might 
account foi the liuninosity of the uiig thiough their colli sums with an 
accumulation of negative ions at the xnoio contial jiait of tlio bulb, 
they would not haAe piodiiced rotation of the luminous iiiig ni the 
direction ahead} obscivcd Ihc incoming ladial sticMinsof jX)Sitive 
ions were studied in detail with an app<iiatus moie snitabic for 
examining the chselcctiihing action of the mignctic field Ihose 
expel imcuts eslalJished two facts, m/ , that the loss of jiositne electn- 
fication fiom charged bodies is biought about by the magnet, thiough 
the concentiation of negative ions which occuis at the stiongest part 
of the magnetic field immediately the clcctiodes arc magnetised, and 
also that the lumiiiosit} of the ring itself w ilue laigel} to tlio collisions 
between the mcomiiig streams of positive ions «i!ul this accumulation 
of negatively electrified gas between the pointed ends of the electrodes 
A potential diltcrencc is thus set up within the bulb between the 
negatno gas-mass at the centre and the positively electrified layer of 
ions residing mioii the inner surface of the glass, which lapully reaches 
a value sufficient to gn o nse to a discharge tin ough the residual gas 
lb 18 then that the positive ions stream inwaids, acconipamed by a 
corresiKincbng outw^ard*moving whirl of negative ions 

Experiments upon the effect of causing the magnetic field to either 
slowly or rapidly reach its maximum value, as well as dimuush either 
slowly 01 rapidly to zero, have shown that the rate of change of the 
magnetic hues plays an important part in the actions here described 
A very rapidly growing field would diselectnfy a positively charged 
body, whereas, when the magnets wore slowly increased in strength 
there was no diselectnfication m such cases lu certain experiments, 
the act of suddenly destroyuig the magnetic field produced diselectn* 
fication, while if the curieut were slowly diminished in the coils of the 
^eotro-magnetiS there was no evidence of any such effect 

Both the luminous nng and the diselectnfication phenomena are 
attributable to the same causes The direction of rotation of the ring, 
however, forms a difficulty, on the assumption that a rapidly moving 
. ion is equivalent to a current along a flexible conductor Incomi^ 
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streams of positive ions would give a direction opposite to that 
observed, and if the rotation weie produced 1>} the changing strength 
of the magnetic field upon the negative ions, then also would the 
direction of rotation bo opposite to that actu^illy obtiiinod The 
\iscosity of the giw would tend to annul any sudden twist which the 
changing nidgnetu held might give to the cloud of negative ions 
within the bulb, although the icaction set up between the magnets 
and the ions undci siuh conditions would be sufhcient to cause the 
negative paitules to be thrown forwaid, and tu conccntiato in a 
manner conHistcnt with the evpeninenlal lesnlts given It not clear, 
however, whv the sudden cessation of the niagnetie held should also 
pioduco ciUcli .1 conccutMiion of nogaUve lon^^ l>utwc hive already 
seen that undti those (onditions (libclectuhcatiou is ctmIi produced, 
morooiei, a luimuoiLs niig th it has gi own dim, can usual!v be momen- 
taiil} bnghtened bv Middcnlv dcslunuig the magucUc field 

A was soiuciimea notucil between the exiilation of the 

magnets and eithoi the fonuation of lb* iing or the loss of charge 
from a positnclv elec ti died l»od\ 

This result allowed that the steady magnetic held itself so modified 
the p.iths of nuiving uegatuo unis within the bulb, that a concentra¬ 
tion of theiu at the stiongcst jiait of the held took jilacc for this reason 
also 

The diiection of rot^ition of the luminous ung can lie accounted for 
in the following maiiiier — 

When the potential chfieiencc between the accumulation of negative 
ions at the ocntie of the bull) and the layci of clcctiihcd gas upon the 
iiuier suiface of the glass is such that a showet of incoming positive 
ions occurs tand theliinuiious iing ap^icars, the outer portion of the ring 
will bo more positive than the burroundiug neg.itiveh electrified cloud 
of gaseous paiticks These will therefore be attiacted inwards, and m 
that way give a rotatory motion to the luminous g<is-iuass in the 
direction actually observed 


“The Cheuuatry of Neive-degeneiation” By F W Mott, MD*, 
FKS, and W I) Halubuiiton, Ml), FRS Boceived 
March 1,—Bead March 14,1901 

(Abstract) 

We have previously shown that in the disease, General Paralysis of 
the Insane, the marked degeneration that occurs in the brain is uccom-^ 
pamed by the passing of the products of degeneration into the cerehror 
qmisl fluid Of these, nucloo-proteid and ohuline are those which can 
be most readily detected Chohxie can also be found in the blood. * 
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We have continued our work, and wo find that this is not peculiar to 
the disease ]ust mentioned, but that in vanoua other degenerative 
nervous diseases (combined sclerosis, disseminated sclerosis, alcoholic 
neuntiB, bon-ben) choline can also be detected in the blood The 
tests we have employed to detect eholiiic are mainly two (1) a 
chemical to<it, namely, the obtaining of the charactenatic octahedral 
crystals of the platinum double salt fioin the alcoholic extract of the 
blood, (2) a physiological test, namely, the lowering of blotal pressure 
(partly cardiac in origin, and partly flue to (blatation of peripheral 
vessels) which a saline solution of the icsulue of the .ilcohohc extract 
produces, this fall is abolished, oi even replaced 1)^ a use of arterial 
pressure, if the animal has been atropinihcd It is possible that such 
tests may be of diagnostic value in the distiiiftion between oiganic and 
so-called functional diseases of the nervous system The chemical test 
can frequently bo obtained witli 10 c c of blood 

A similar condition w as produced artificially in eats hy a di\ ision of 
both sciatic nerves, and is most marked in those rinimals iii which tho 
degenerfitive process is at its height, as tested histologically by the 
Marchi reaction. A chemical analysis of the nerves themselves was 
also imide A senes of eighteen cats was taken, both sciatic nerves 
divided, and tho ammah subsequently killed at intervals vaiying from 
1 to 106 days The ncr\es remain practically normal as lung iis they 
remain initable, that le, up to three clajs aftei the o])eratJon They 
then show u progressive increase in the peiccntjigo of w’ater, and a 
progressive dccioaso in the percentage of phosphorus, until degenera¬ 
tion IS complete When legciieration occurs, tho nerves ret tun appioxi- 
mately to their previous chemical condition The chemical explanation 
of the Martin reaction appears to lie tho replacement of phosphonsed 
by non-phosphonsed fat When the Marchi reaction diwippoars in the 
later stages of degeneration, the non-phosplionsed fat has boon absorbed 
This absorption occurs earlier m the peripheral nerves than in the 
central nervous system 

This confirms previous observations by one of us (M) in the spuial 
cord in which unilateral degeneration of tho pyramidal tract Iry brain 
lesions produced an increase of watei and a diminution of phosphorus 
m the degenerated side of tho cord, which stained by the Marchi 
reaction 

The full paper is illustrated by tracings of tho effects on arterial 
pressure of tho choline separated out from the blood of the cases 
of nervous disease mentioned, and from the blood of the cats 
operated on 

Tables are also given of tho analyses of the nerves, am} drawings 
and photo-micrographs from histological specimens of tho nerves. 

^ A summary giving the mam results of the exnraiments on Atiiwid^ 
* 1 $ sbowB in the following table_ 
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“On the Ionisation of Atmospheiic Air” 15y O T Jt WiLSOS, 
M A, F.li S, Follow of Sidney Sussex College, Cambridge. 
Eeceived Febriiaiy 1,—Eend March 14,1*101 

The present conimiini(.iti(m contains an account of some of the 
results of investigalions uudorUkon for the Meteorological Council 
mth the object of throwing light on the phenomena of atmoephenc 
electricity 

In a paper** containing an account of tho results arrived at during 
the earlier stages of the investigation, 1 descnborl the behaviour of 
positively and negatively charged ions as nuclei on which water vapour 
may condense 

The question whether free ions are likely to occur under such con- 
ditaons as would make these experimental results applicable to ^ 
explanation of atmospheric phenomena was left undecided m that 
paper. My first expeiimeiitst on condensation phenomena h^itis 
true, proved that in ordinary dust-free moist air, a very few nuclei 4ie 

• 'Fhil Tn 9 s,'A,Tel l«S,i 9 1S»-8Q6 
t ' Roy See. Pmo ,* yei. 80, p. 888,1896. • 
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always present requiring, in order that water should condense upon 
them, exactly the same degree of supersaturation as the nuclei pro¬ 
duced in enormously greater numbers by Eontgen lays, and I con¬ 
cluded tkit they aic identical \>nth them in niituio and that they are 
probably ions* While, howeier, later expeiiments proved that the 
nuclei formed by Eontgen or uranium rays can be romoied by an 
electnc fiehl and are therefoi e ions, similar experiments made ith the 
nuclei which occur m the absence of ionising nidiation led to negative 
results t In the light of facts brought forward in the present paper I 
should now feel disposed to attribute the negative chaiactor of the 
results in the latter case to the small number of nuclei present } 

Subsequently to the puldicution of the woik on the bohaMonr of 
ions as condensation nuclei, KIster and Goitel showed tliat an clectn- 
fied conductor exposed m the opim air oi in a room lost its thai go by 
leakage through the ait, and that the ffiets eon corning this conduction 
of electricifc)^ through the an are most readily cx pi rimed on the suppo¬ 
sition that positively and negatively charged ions are present in the 
atmosphere The question where and how those ions aie pioduced 
remained, howevet, undotcimined , it wmid theioforc be incorrect to 
assume their properties, and m particular then behaviour hb condensa¬ 
tion nuclei, to bo necessarily identical with those of freshly produced 
ions, the carriers of the charge might consist of much more consider¬ 
able aggregates of matter than those attached to the ions with w^hich 
the condensation expeiimeiits had been conccined Moreover, so long 
as the source and conditions of production of these ions romained 
undetermined, one could not assume their presence in the regions of 
the atmospheio vvheio supersaturation might be expected to occur 
Before going further afield in search of possible sources of ionisation 
of the atmospheric air, it seemed advisable to make further attempts to 
determine whether a certain degree of ionisation might not be a 
normal property of air, m spite of the somewhat ambiguous results 
given by the condensation exponments to which I have referred 
After much time bad been spent in attempts to devise some satis- 
factcjry method of obtaining a continuous production of drops from the 
supersaturated condition, I abandoned the condensation method, and 
resolved to try the purely elootneal method of detectmg lomsation 
Attacked from this side the problem resolves itself into the question, 
Does an insulated-charged conductor suspended withui a closed vessel 
containing dustrfree air lose its charge otherwise than through its 
supports, when its potential is well below that required to cause 
luminous discharges ^ 

• * Camb PluL Soo Proc toI 9, p 887 
f < Phil Trains A, toI 193, pp SS9-808. 

t^The aimikr results obtained with nuclei produoed m air exposed to ultra. 

• 6ght require, howeror, some other eiplsoatioii. 
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On the lomsaUon of Atma^hme Air 

Several investigators from the time of Coulomb onwards have 
believed that there is a loss of electricity from a charged body 
suspended in air in a closed vessel in addition to what can be 
accounted for hv leakage through the supports * In recent years, how¬ 
ever, the generally accepted view seems to have been that such leakage 
through the tiir is to >>o attributed to the convection of the charge by 
dust particles 

The experiments weio begun in July, 1900, and immediately led to 
positive results A snmm iry of the principal conclusions then arrived 
at was given in a piclimmary note “On the Leakage of Electncity 
through Dust fi 00 Air/’ read before the Camhndgo Philosophical 
Society on Noiemlior 26 Almost simultaneously a paper by Geitel 
appeal e<l in the ‘ Phyaikahsche Zeitsebnfton the same subject, in 
wluch ldcntlc^ll conclusions were cirnved at in spite of great differoncee 
in the methods employcHl 

Tlie following are the results included in the preliminary note, which 
I read — 

(1) If a charged conductor bo suspended in a vessel containing 
dust-free air, there is fi continiuil leakage of electricity from 
the conductor through the air 

(2 ) The leakage takes place in the dark at the same rate as m 
diffuse daj light 

(3) The rate leak is the same for positive as for negative 

chaigos 

(4) TIio (piantity lost per second is the same when the initial 

potential is 120 volts as when it is 210 volts 

(5 ) The rate of leak is approximately proportional to the pressure, 

(6 ) The loss of charge per second is such as would result from the 
production of about 20 ions of either sign in each c c per 
second, m air at atmospheric pressure 

Of these conclusions, the first four were also amved at by Geitel 

As Gdtcl has pointed out, Mattoucci,} as early as 1850, had amved 
at the conclusion that the rate of loss of eleotnnty is independent of 
the potential Ho had also noticed the decrease in the leakage as the 
pressure is lowered.§ 

The volume of air used in my experiments was small, less than 
600 cc. m every ease, many of the measurements being made with a 

* Perhaps iBa most oonvinomg evidence of this is fumuhed by the ezpenme&ts 
of Professor Boys, described m apaper on "Quarts as an Insulator " (' Phil Mag 
voL28,p 14,1889) 

f *FhytikaIisclie Zeitsohnft,’ 8 Jahrgang, Ko 8, pp 118^119 (published 
KoreEmber 24), 

t * Anunles de Ohnn. et oto Phya/ vol. 28, p 886,1860* 

I Xhls was also observed by Warburg ('Auoalen der Phystk u, Ohetnie/ vol 
148, p.«8,1872) 
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vessel containing only 163 c c This made it much more easy to 
ensure the freedom of the air from dust particles Geitel worked with 
volumes amounting to about 30 litres, his observations show the 
interesting phenomenun of a gradual increase of the conductivity of the 
air in the vessel towaids a limiting value, which was only attained 
when the air had been standing in the vessel foi several days This, 
as Gcitel points out, is to bo explained by the gradiuil settling of the 
dust particles, the comluctivity of the air being greatest when there 
are no dust particles present to entangle the ions 

The pnncipal difficulty in the way of obtaining <i decisive ansvv er to 
the question whether any leakage of clectiieity takes place through 
dust-free an is the fact that one is so liable to be misled bv the leak¬ 
age due to the insulating support As Mill be scon from the descrip¬ 
tion which follows, this source of uncertainty was entirely elinnnated 
m the method which I adopted It h.Ml, moioovci, the advantage of 
reducing to the smallest possible value the c opacity of the conducting 
system in which any loss of charge is measured by the fall of 
potential 

The conducting system, from which any leakage is to bo detected 
and measured, consists solely of a narrow metal strip (with a narrow 
gold leaf attached to indicate the potential), fixed by means of a small 
bead of sulphur to a conducting rod which is maintained at a constant 
potential, equal to the initial potential of tlie gold leaf and strip 
With this firrangement, if any continuous fall of potential is indicated 
by the gold loaf, it can only bo due to leaLagc through the air, any 
conduction by way of the sulphur bead can only be in such a direction 
as to cause the leakage through the air to be under-estimated 

The form of apparatus used in all the later cxpcnincnts is indicated 
in fig 1 The gold loaf and thm brass strip to which it was attached 
were placed within a thiii glass bulb of 163 c c capacity, the inner 
surface of the bulb being coated with a lajer of silver so thin that the 
gold leaf could readily be seen through the silvered glass The upper 
end of the strip had a narrow prolongation, hy means of which it was 
attached by a sulphur bead of about 2 mm m diameter to the lower 
end of the brass supporting rod The latter passed axially through 
the neck of the bulb, its lower end just reaching to the point whore 
joined the bulb The interior of the neck of the bulb was 
tmckly Slivered to secure efficient olectncdl connection between the 
thin silver coating of the inside of the bulb and a platinum wire scaled 
t roug the side of the tube The pLitinum wire was connected to 
the earthed terminal of a condenser consisting of zinc plates embedded 
to sulphur, the other terminal of the condenser being connected tp the 
teasB supporting rod and mamtaming it at a nearly constant potentaiO. 
AJk Exner electroscope connected to the same terminal of the con- 
denser was used to test the constancy of the potential, and any loss 
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could from tune to time be made up by contact with a rubbed ebonite 
rod or a miniature electrophorue 

Both the gold leaf of which the motion served to measure the 
leakage which was the subject of investigation^ and that of the Exner 
electrometer^ wore read by means of microscopes provided with eye¬ 
piece micrometers 

To give the leaking system an initial potential equal to that of the 
supporting rod, momentary electrical connection between them was 
made by moans of a magnetic contact-maker This consisted of a fine 
steel wire fixed to the supporting rod near its upper end and extend¬ 
ing just below the sulphur bead, where it was bent into a loop 
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surrounding the prolongation of the brass strip which earned the gold 
leaf A magnet brought near the outside of the tube attracted the 
wire till the loop came in contact with the brass and brought it mto 
electrical communication with the supporting rod This operation 
was repeated every tune the potential of the leaking system had fallen 
BO far that the gold leaf approached the lower end of the scale The 
potential of the supporting rod was not allowed to vary by more than 
a very few volts, and before each reading of the potential of the leak- 
^ ing system was always brought to within a fraction of a volt of its 
initial value , the Exner electroscope served to indicate when this was 
the case. The iniual difference of potentud used m most ot tiie 
expenments amounted to about 200 volts 
To detemime the fall m potential corresponding to a movement of 
VQU i-xvni. }i 
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tbe gojld loaf through ono scale dmsion, a series of Gh^k odls was 
inserted between the condenser and its earth connection, and the 
ntunber of scale divisions through which the gold loaf moved on 
reversing the Clark celts was detei mined, contact between the leaking 
system and its supporting rod being of course made before and after 
the reversal The scale values of the Exner electrometer were deter¬ 
mined similarly 

In the apparatus now described, a movement of the gold leaf of the 
leaking system through one scale division corresponded to a fall of 
potential ranging from 0 56 volt at the top of the micrometer scale 
to 0 60 \ olt at the bottom of the scale 

Any impel fortion in the iiiaulatmg power of the sulphur bead will, 
as we have seen, tend to give too low a value for the lealcage The 
error thus introduced was, however, found to be negligible, for the 
rate of fall of potential of the leaking system was sensibly the same 
when its potential was equal to that of the sujiporting rod as towards 
the close of an experiment w hen this diftcrence was gimtest 

The apparatus used in the earhet exponments differed in some 
respects fi om that which has just been descn]> 0 d The vessel was of 
brass m the form of a short cylinder, 6 cm long and 5 om in radius, 
the flat ends being vertical, each being provided with a rectangular 
window closed by a glass plate, so that the position of the gold leaf 
might bo read A puiely mecbamcal contact-maker was used instead 
of the magnetic one With the voltage usually employed, a move¬ 
ment of the gold leaf over one scale division corresponded to a change 
of potential of 0 36 volt 

With this apparatus, filled with air at atmospheric pressure (whether 
tins had been filtered or had merely lieen allowed to stand for some 
hours in the apparatus), a continuous f<ill of potential of about 4 0 
volts per hour occurred, showing no tendency to diminish even after 
many weeks Contact had to bo made with the supporting rod (kept 
as doscribod at constant potential by means of the condenser) about 
once in twelve houis to pi event the image of the gold leaf from going 
off the scale of the microscope 

Although care had been taken to avoid bringing the apparatus, dunng 
or after its construction, into any room whore radio-active substances 
had been used, it was considered desirable to repeat the experiments 
-elsewhere than in the Cavendish Laboratory (where oonteounation by 
each substances might be feared), and with pure country air in the 
apparatus Expenments were therefore earned out at Peebles dunng 
^ month of September, but with the same results as before obtamed. < 

The rate of leakage was the same dunng the night as during tiie 
day, and was not dixmnished by completely darkening the room k 
which the experiments were earned out It is plamly, therirfore, not 
due to the action of light 
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It might be considered as possible that tbe conducting power oi 
the air was due to some effect of the walls of the apparatus, related 
perhaps to the Bussell* photographic effect and the nucleus-producingt 
effects of metals These effects, however, are in the case of brass 
certainly veiy slight (I have not been able to detect any cloud-nuclei 
arising from the presence of brass), they are enormously greater in 
the case of amalgamated zinc Yet the presence of a piece of amal¬ 
gamated zinc in the app<iratns was without effect on the rate of 
leak If then the walls of the vessel influence in any way the 
ionisation of the air in the vessel, this influence is not proportional 
to the photographic or nucleus-producing effecte of the metals 

To find the loss of electricity corresponding to the observed fall of 
potential of the leaking system, the condenser was removed, and the 
capacity of the Exner electroscope, with the connecting wires and tbe 
rod supporting the leaking systoni, was hrst determined bv finding the 
fall of potential losnltuig from contact with a brass sphere of which 
the radius was 2 13 cm The splieie, suspended by a silk thread, was 
in contact u^ith a thin earth connected wire, except when momentanJy 
drawn aside by a second silk thread and brought into contact with 
the end of anothot thin wn e leading to the electroscope Except for 
these two wires the sphere was at a distance great compared with its 
ladios from all other conductors The nse of potential which occurred 
in the leaking system after a momentary contact with the system con¬ 
sisting of the supporting rod, electroscope, and connecting wires was 
then compared with the simultaneous fall of potential of the latter 
system The loss of electricity corresponding to a given fall of 
potential of the leaking system was thus obtained It was found to 
be sensibly the same foi potentials in the neighbourhood of 100 volts as 
few the higher voltages (about 200 volts) geiieially used, the variations 
m capacity due to the change of position of tbe gold leaf being too 
small to be detected The system had a practically constant capacity 
equal to 1 1 cm 

It was possible now to compare the rates of leakage for different 
strengths of the electnc field 


Brass apparatus usedy at? at atimsphcnc ptesme. 


Initial difference of 
potential 

210 volts. 

120 


Fall of potential 
per hour 

4 1 volts 
40 „ 


^ The leakage of electncity through the air is thus the same for a poten¬ 
tial difference between the leaking system and the walls of the vessel 
of 210 volts as for one of 120 volts On the view that the conduoUoh 

* Boaoell, * Eo^ Spe Proo ,* toI 61, p 42S, 1807 1 vol 68, p 102,1898 
t Wilion, * Phil Ttuib A, toI 192, p. 431 

N 2 



156 


Mr. C. T R. Witocm. 


H due to the oontiiiUHl production of ions throughout the Air, this is 
eaealy explained as indicating that the saturation current has been 
attained ^ the field being sufficiently strong to cause practically all the 
ions which are produced to reach the electrodes, the number destroyed 
by recombination being negligible in comparison with those removed 
by contact with the electrodes Thus under the conditions of the 
experiments the loss of electricity from the leaking system in a given 
time IB, if the cliarge be positive, equal to the total charge earned by 
all the negative ions produced in the vessel in that time 

The sum of the charges of all the negative ions (or of all the positive 
ions) set free in the ^essol is thus 1 1 x 4 1/300 £ U per hour, oi 
4 3 X 10“** E U per second If we dnide by 471, the \oliuno of the 
vessel in c c*, we obtain for the charge on all the ions of each sign set 
free m each c c per second, 9 1 x 10“** E U Finally, taking 
6 6 X 10“^** E U , the value found by J J Thomson, as the charge on 
one ion, we find that aliout 14 ions of each sign are produced in each 
c c per second 

There are, however, two defects m the older form of apparatus^ 
with which the above results were obtained, tending to make this 
number too small, firstly, the field in the corners where the flat ends 
meet the cylindrical wall must be very much weaker than elsewhere^ 
and some of the ions set free in these regions may have time to recom* 
bine, although the strength of the field throughout most of the vessel is 
more than sufficient for ** saturation”, secondly, since in this apparatus 
both the rod supporting the leaking system and the contact-maker 
projected for about a centimetre into the mtenor of the vessel, a 
certain proportion of the ions set free would be caught by them and 
not by the leaking system 

These defects ore avoided m the other apparatus which has been 
described (fig. 1) 

In this apparatus the capacity of the leaking system was 0 73 cm. 
The constant potential of the supporting rod, and thus the initial 
potential of the leaking system, was m all cases about 220 volts 

At atmospheric pressure the fall of potential per hour was found to 
be 2 9 volts The loss of charge was theiefore 0 73 x 2 9/300 « 7 1 
X 10"® £ U per hour * 2 0 x 10“** £ U per second This is the totd 
charge earned by all the positive ions, or by all the negative ions, set 
free per second The volume of the bulb being 163 c.c , the charge on 
the positive or negative ions set free per second in each c c » 2*0 
X 10''®/163 * 1 2 X 10"® E U, and the number of ions of either si^ 
set free per second m each c c « 1 2 x 10“«/6 5 x « 19. This * 
is somewhat greater than the number obtained b^ore, but, os was 
pointod out above, there were sources of error in the older apparatus 
tending to give too low a result for the rate of production of 
per C.G. 
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Expenments were now mtide on the venation of the rate of leak 
with pressure The measurements were made at a temperature of 
about IS** C Each experiment gave the leakage in a penod varying 
from SIX and a half to twenty-four hours The silvered glass apparatus 
was used 

The following results were olitiined — 


Presfluro m bealcago in 1 eakage 

niillimptn's loUa per hour nreasure 


43 0 

89 0 

220 1 

341 1 

533 2 

619 2 

635 2 

731 2 

743 2 


22 

0 0052 

5.3 

0 0058 

14 

0 0052 

59 

0 0047 

30 

0 0043 

40 

0 0039 

65 

0 0042 

78 

0 0038 

99 

0 0040 


These nutubcrs ahow that the leakage is approximate!}’' proportional 
to the piessure While the piesauro is Mined from 43 mm to 743 mm, 
the ratio of leakage to pleasure onl^ lanes between 0 0038 and 0 0058 
Since the iiulnidual measurements of the leakage at a given pressure 
diffciod among themselves by as much as 10 per cent, it would hardly 
be safe until more accurate expenments have been performed to 
base any conclusions on the iippaiont departure fiom exact propor¬ 
tionality between 3o<ikage and pressure From these results one would 
infer that it should be impossible to detect anj leakage through air 
at really low pressures This is in agieement with the observations 
of Crookes,* who found th&t a pair of gold leaves could maintain their 
charge for months m a high vacuum 
Experiments were now earned out to test whether the contmuous 
production of ions in dust-froc air could bo explained as being due to 
radiation from sources outside our atmosphere, possibly radiation like 
Rdntgen rays oi like cathode rays, but of enormously greater penetra- 
ting power The expenments consisted in first observing the rate 
of leakage through the air in a closed vessel as before, the apparatus 
bemg thou taken into an underground tunnel and the observatioris 
repeated there If the ionisation were duo to such a cause, we should 
expect to observe a smaller leakage underground on account of absorp¬ 
tion of the rays by the rocks above the tunnel 
F For these expenments a portable apparatus had to be made (shown 
in fig. 2 ). It differed from that already desoribod (fig 1) m the 
fdlowiog respects —The vessel, of thinly silvered glass as before, was 
inverted and attached directly to the 8ul{dkur condenser, its neck 
• ‘ Boy See* Proe ,* toI %8, p. 347,1879 
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beiBg emheddod in the sulphur. The electroscope formerly tised to 
test the constancy of the potential of the supporting rod vas die* 
pensed with , all need for external wires was thus removed Only 
the end of the wire by which the charge was put into the condenser 
protruded from the sulphur, and this was covered as shown in the 
figure, except at the moment of charging, by a small bottle containing 
c^emm chloride, this fitted tightly on a conical projection of the 
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sulphur, through the centre of which the wire passed The suffix 
me)^ constancy of potential of the supporting rod under these con¬ 
ditions was shown by the fact that when it had been put, by mears 
the magnet, m momentary electneal connection with the leaking 
Bystem, a second contact, made twenty-four hours later, caused the 
gold leaf, whidi indicated the potential, to return to within two mkro* 
meter scale divisions of its position immediately after iShe first eem- 
. tact The change in the potential of the leaking system jmo^oed 















by Buoh a change in poteutol of the support wae much too 
email to be detected 

The expenments with this apparatus were carried out at Peebles 
The mean rate of leak when the apparatus was in an ordinaary 
room amountml to 6 6 divisions of the micrometer scale per hour 
An expenmout made in the Caledonian Railway tunnel near Peebles 
(at night after the traffic had ceased) gave a leakage of 7 0 divisions 
per hour, the fall of potential amounting to 14 scale <li\isjons in the 
two hours for which the exponment lasted The diflerenco is well 
within the range of experimental errors There la thus no evidence 
of any failing off of the rate of production of ions in the vessel, 
although Ihei e were many feet of sohd rock overhead 

It 13 unlikely, therefore, that the ionisation is due to radiation whidi 
has traversed our atmosphere, it seems to lie, as Geitel concludes, n 
property of the air itself 

The expenments deacrihcd in this paper were earned out with 
ordinary atmospheric air, which had in most cases been filtered through 
a tightly fitting plug of wool The air was not dned, and no expen- 
monts have yet been made to determine whether the ionisation depends 
on the amount of moisture m tlie air 

It can hardly be doubted that the \erv few nuclei vbich can alwaya 
be detected in moist au by the expansion method, pioMdcd the expan¬ 
sion be great enough to catch ions, are themselves ions meiely znade 
visible by the expansion, not, as some foi mer CA^nments scorned to 
suggest, produced by it The negative icsults then obtained, in 
attempts to remove the nuclei by a strong electric field, may perhaps 
be explained if wo consider that all ions set free in the interval during 
which the supersatuiatioii exceeds the value necessary to make water 
condense upon them, aie necessanly caught, so that complete alisenoe 
of drops is not to bo expected even with the strongest fields 

The pnndpal results armed at in this investigiition are (1) that 
ions aie continually being produced in atmospheric air (as is proved 
also by Goiters expenments), nn<l (2) that the number of each kind 
(positively and negatively charged) produced per second in each cubic 
centimetre amounts to about twenty 


"On the Preparation of Large Quantities of Tellurium" Hf 
EbwAKD MatthEY, a R S M Communicated by Sir Geobok 
Stokes, Bart, F R S* lieceived February 19,—Bead March 
U, 1901 

Ftir eeveral years I have worked upon Insmuth ores of varying 
ridmesB for the extraction of the bismuth they contain, and X havA* 
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already commamcated the results to the Boyal Society,* Many, if 
not most of these ores, contained traces of tellunum. 

Tellurium has a marked tendency to associate itself with bismuth, 
as silvor may be said to do with lead, or phosphorus with iron, and 
accordingly the crude bismuth extracted from these ores inranably 
contained small quantities of tellunum, which was reduced together 
with the bismuth, and was found to exist in it in a greater proportion 
than in the ores 

The presence of even minute traces of tellunum in bismuth being 
sufficient to render this metal unsaleable, it is necessary to remoi e 
every portion of the tellurium whilst I'efiiung the crude bismuth The 
alkalies containing the tellunum resulting fiom the refining of the 
crude bismuth were thrown aside, and woie left for future investigation 
I have now been able to treat these alkaline residues, and have ex- 
tracted from them a substantial amount of metallic tellunum, weighing 
26 kilos This amount of tellurium was produced from «321 tons of 
mineral containing an uvetage amount of 22 50 per cent of bismuth 
The amount of metallic tellunum obtained corresponds to an average 
of 0007 per cent of the original mineral 
The 26 kilos of metallic tellunum was obtained by soaking the 
telluride alkalies, resulting from refining the telluric bismuth, in hot 
water—acidifying these solutions with hydrochlonc acid, and preci¬ 
pitating the tellurium with sodium sulphite A crude nuxture of 
bismuth and tellunqpa was thus obtained, the tellurium forming about 
47 5 per cent of the crude metal 

This was dissohed in nitnc acid, and again treated in the same way, 
and yielded the amount of tellurium represented by the 26 kilos This 
shows on analysis — 


Tellunum 


97 00 

Bismuth 


2 15 

Copper 


0 65 

Iron 


0 10 

Loss 

«• 

0 10 

100 00 


Tho appearance of the metal when broken shows a crjrstalljiie frac¬ 
ture, of needle-like structure, and of bright metallic lustre. It does 
not readily tarnish m the air at the ordinary temperature If slowly 
cooled, a ciystalhne form very much resembling that of bismuth is 
obtidned 

Its specific gravity is 6 27, as against 6*23 the density of uneom- 
presmd tellunum found by Spring 

* 'Boy. Soc Tioc.: toL 42, 1887, p 86, rol 49,1800, p 78 j sndvol 62,1898, 
• p 467 



TraMmimon of tkt Tiypanosonia hy Horse Mm 16 :^ 

The temperature of solidification was determined means of the 
Le Cfaatelier pyrometer, and proved to lie 450*" G, or 5° lower than 
that given by Carnelly and Williams * 

Some tellurium prepared from this 26 kilos to chemical punty also 
gave 450'' C as the solidifying point 

Commercial tellurium obtained from Germany proved to have the 
same melting point and specific gravity as my own tellurium 

1 found the eloctncal resisUnco to 1x3 about 800 times that of copper 
The resistance, however, appears to be very greatly dependent on the 
crystallino conditions 

A rod cast and cooled quickly has a lower resistance than one that 
has been cooled slowly A current of a few amperes will quickly raise 
the temperature of a rod 0 2 inch in diameter In casting small rods 
of tellunnm, of say ^ inch diameter, there is much contraction, and 
partial separation takes place even after some hours 

The thermo-electi ic pow^er of tellurium apjiears to be great 
It has been a source of great satisfaction to me, as a metallurgist, 
to produce so laigc an amount of tollunum fiom a mineral in w^hieh it 
existed only in minute traces The amount of 57^ lb (26 kilos ) of 
tellurium w*is derived from 187,019 lbs of crude bismuth, which 
resulted from the treatment of 831,168 lbs of mineral 


“ The Transmission of the Trypamsoma Eiami by Horse Flies, 
and other Expoiimeuts pointing to tlie I’robalile Identity of 
Suxra of India and Nagana or Tsetse-fl} Disease of Afneo.*' 
By Lbonakd lioCfEKS, M J), M K C P, Indian Medical Servu'e 
Communicated by Major 1) Bruck, li.A M C, F K S Ee- 
ceived January 28,—Head Februaiy 14,1901 

(CoraiDuxiicatod to the TseUe-fij Coinmittco of tlie Kojul Socieij ) 

The close resemblance between sun a of India and tsetse-fly disease 
of Ainca has long been known, while Koch, after havmg seen the 
living Tiifpmomm Emm$% at Muktesar in India, and soon after 
studied the parallel disease in Gorman East Africa, pronounces them 
to be the same, and in faia * Keisebenchte ’ calls the disease seen in the 
latter place ** Surrakrankheit ” The iqppearance of the report made to 
tSk Tsetse*fiy Committee of the Royal Society by Kanthack, Durham, 
and Blandford on their expenmontal investigation of the latter disease, 
fi^^^ggested to me to repeat some of their experiments m the case ol 


• ^Chem fioc Jottm,' tol 67, p 125 
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urra* with a view to contributing towards the solution of the questom 
of the identity or otherwise of the two diseases, and the following is a 
bnef account of the results obtained while I was in charge of the 
Imperial Bactenologioal liaboratory at Muktesar, during the absence of 
Dr Lingard on sick leave 

I Th>e Tuimmmmi of Smta hkf the of Hot^e Flie<i 

It was proved some years ago by Bnico that the Tni}mrumma Bnutei 
IS carried from one animal to another bj' the bites of the tsetse fly 
As surra can be certainly pro<lucod in susceptible animals by the 
application of infected blood to the smallest scratch in the skin of 
another susceptible animal, it appeared to be likely that hoi sc flieii 
might carry the infection fiom one animal to another A senes of 
expenments were carried out to test this possibility with the following 
results Horse flies were caught ami kept for var\ ing periods of time 
after having been allowed to bite and suck the bU)(»d of an animal 
which was suffering from surra, and whose blood at the time contained 
the Tivpawmtmi E\mm in considerable or large mimbois They were 
sulisequcntly allowed to Into a healthy animal, dogs and rabbits being 
used in the expenments, and the former wore kept in a different 
house at some distance from the infected animals, and the Utter in 
separate cages during the incubation period Tn every case m which 
the flics had been kept fiom one to four or more days after biting the 
infected ammals, no disease ensued m the healthy ones Many such 
flics were dissected and microscopically examined, but in no case was 
.inything which might be taken for a dc^elopment of the trypanosoma 
in the tissues of the insect detected A rat was also fed on a number 
of flies, which had bitten infected ammals at varying periods pre- 
1 lously, but no infection was thus produced 

When, howe\er, flies which had just sucked infected blood were 
immediately allowed to bite another healthy animal, positive results 
were obtained after an iiiculiation period corresponding with that of 
the disease produced when a minimal dose of infected blood is inocu¬ 
lated into an animal of the same species The result was uncertain if 
only one or tw o flies were allowed to bite, and especially if they were 
allowed to suck as much blood as they wished without being disturbed* 
If, on the other hand, several flies, wfoch had just sucked an infected 
animal, were induced to lute a healthy one, and especially if they were 
disturbed and allowed to bite again several times, infection was always 
readily produced in both rabbits and dogs, the fur of tie latter having 
been oar^ully cut, without abrading the skin, at the site over which 
the fbm were applied The following is the chart of a typical eiqpen- 
ment of this kind The dog was bitten by twelve flies which bad just 
previoudy sucked blood from a dog, which was swarming with tis 
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Tffgpcmonama JSmm^ and which had itaelf bean {n^nously infected by 
the bites of flies expenmentally On the seventh day the organisms 
were found m the blood m small numbers^ and steadily increased 
dunng the neidi two days to swarming—that is, over fifty in the field 
of a Zeiss D lens, and after oscillations the animal died on the tenth 
(lay after the appearance of the organisms in the blood Post-mortem 
the usual lesions wore found, the spleen being very much enlargecL 
The right axillary glands were much enlarged, and contained the 
organisms, while those of the left axilla were but half the size of those 


Chart of dog infected by the bites of horse flms which had Jiist 
pre\ lonsly bitten a surra dog 
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of the right side, which is of importance in connection with the fact 
that the flies had been applied to the upper part of the nght side of 
the body within the area whose lymphatics pass to the nght axillary 
glands The glands of the right groin were also larger than those of 
the left, and also contained the organisms in large numbers. 

Unfortunately these experiments could not be extended to hoxses 
on account of the necessary flies only being found at the height of the 
Mnktesar Laboratory (7800 feet above sea level) during the three or 
lour hottest months, and they were not available in the rainy season 
when a horse had been obtmned for the experiment. The skin of this 
animal, however, is so thin that st would be likdy to be at least as 
eeAy infected as a dog, while the facts above recorded w4l readi^ 
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explain the slow and irregular spread of surra through a stable of horses, 
by the occasional occurrence of the event of a fly nvhi^ has bitten a 
diseased animal being disturbed and immediatdy going off to bite 
another healthy one Further, the proof that infection may take place 
through flies, brings surra into closer resemblance to tsetse-fly disease, 
and increases the probability of the two being identical, oi, at least, 
caused by very closely allied species of the same family of parasite 

II Latent Casa of Surra ta CatUr ns a ro<\Me Somre of Infection 

Bruce has shown that the jiarasite of tsetse-fly disease may Imj 
present in the blood of big g<ime animals without causing acute 
symptoms or definite sign of disease, and that their blood when 
inoculated into susceptible animals will produce the typical acute 
affection, and fui thor that a \ ery protracted form of the disease maj 
occur in sheep and goats, and possibly form ii source of infection for 
animals Lingard, in his first \oliime on “Surra,” records the case 
of a bull which he inoculated ^ith surra, and in whoso blood the 
trypanosoma was found for three da}s only, shortly afterwards, yet 
guinea-pigs inoculated vuth the blood of this bull on the 85th and 
163rd dajs after the first appearance of the parasite developed fatal 
surra with numerous trypanosoma iii their blood J'urther inocula¬ 
tions from the bull on the 234th and 2G7th day proved negative* He 
has also recorded two naturally acquired cases of the surra in cattle, 
which pio\od fatal These facts suggest the possibility of the latent 
disease in cattle acting as a source from which biting flies might carry 
the disease to horses, especially as surra is so frequently met with on 
the roads to hill stations in liuba, whore numliers of bullock carts are 
going up and down It seemed advisable, therefore, to repeat this 
observation on surra in cattle, so I inoculated a small hill bull intra¬ 
venously with a small quantity of blood from a rabbit, which contained 
numerous trypanosoma The result confirmed Dr Lingard’s observa¬ 
tion, for on the seventh day after inoculation the organism appeared in 
small numbem in the blood of the bull, remained present for four days, 
and subsequently was not detected dunng the next 161 days of the 
disease, while the animal, after showing slight signs of illness for about 
a month, remained subsequently m apparently good health, except for 
an occasional slight rise of temperatoe for two or three days A rat, 
which was inoculated on the 30th day of the disease, and two rabbits 
inoculated on the 59tb and 141st days respectively, developed fatid 
surra, with large numbers of the trypanosoma in their blood, that on 
the latest-mentioned date having been done dunnga temporary nse of 
temperature of the bull without the presence of any tiypanosQtaa*^ 

• All fchs rats used in expenmenti mentioned in this paper had been first prored 
to be free |rom tU sejiptfOne, except edisw otberwieo stotod 
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Howerer, the inoubation penod was an imusually long one, namely, 
fifteen days, against from four to six days m the case of rabbits inocu¬ 
lated with the blood of a surra animal which contained the trypanosoma. 
My observations on intermediate developmental forms of the trypano¬ 
soma are not sufficiently ad\anced for any definite statement on the 
forms present in the buirs blood at the time these inoculations were 
made 

A \ ery similar result was obtained in the case of a sheep, in which 
the trypanosoma appeared seven days after inoculation with the blood 
of a surra dog, remained present for six days in small numbers, and 
was then absent for thirty days, during which the animal showed 
definite symptoms of somewhat mild surra, but improved somewhat 
latterly At this period it was handed over to Dr Lingard, on his 
resuming charge of the Muktesar Laboratory, and I am unable to give 
the final result as he has not acceded to my request for information 
on the point A goat inoculated at the same time showed the surra 
organism in its blood on the fourth day, and continued to show it at 
intervals up to the twenty-sixth day, after which it was absent for the 
remaining thirteen days that it was under my observation, but this 
animal was much more ill than the sheep, and became greatly wasted, 
and presented (Bdematous swellings on the legs, enlargement of the 
lymphatic glands, yellow marks on the coijjanctiva, and nasal discharge. 
Lingard also records one case in a sheep which Mas fatal after 127 days, 
and throe experiments on goats m which the disease was fatal on from 
the D8th to the 186th day 

In all three animals, then, surra tends to run a prolonged and 
chronic course, and especially in the case of cattle and sheep, in the latter 
of which surra affords an additional point of resemblance with tsetse of 
Afnca It has been thought by some that the difference in the course 
of the two diseases in the case of cattle is a strong argument against 
surra and tsetse-fly disease being identical, as the latter is a much more 
fatal disease in these animals than surra is m India The difference, 
however, is but one of degree, for cattle in South Afnca not unfre- 
quently do recover from the disease of that country, while surra may 
^ fatal to cattle m India, and may, indeed, prove to be much more 
frequently so than is at present imagined, when diseases of cattle are 
more closely studied in India than they have as yet been. Further, 
Koch has recently shown that the disease in Qerman East Afnca is 
absolutely fatal to the ordinary breeds of donkeys in that country, 
yet the Massa donkeys are absolutely immune This shows a difference 
of suBceptibihty between diffisrent breeds of the same animal to the 
same (Afnoim) disease, much greater than that existing between two 
breeds cattle in South Afnca and India respectively towards the 
two dueases nogatia and surra. Hence this argument against the 
iSentSty of the two affeefums loses much, if not all^ its wei^t. The 
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possibility of latent fome of surra in eattie, and posribly abo in dieep 
and goats, in India taking the place of smdlar infections in wild 
game in the case of tsetse-fly disease in South Africa is, then, trorthy 
of consideration, and the two may be closely analogous 

III Feedtnq Expenmfds 

Kanthack, DarhAin, and Blandford record that'they were unsucceas- 
fill m most of their experiments in producing infection of Nagana, by 
feeding animals on material containing the organism of the disease, 
the possibility of infection appearing to depend on accidental lesions 
of the nose and mouth, &.c Lingaid, on the contrary, records in hi& 
first Tolume on “ Surra ” one negatne result in a horse after the mges 
tioii of 200 cc of infected blood, and one positive one 75 days after 
the last, and 130 after the first, dose of blood by the mouth, small 
quantities of mateniil being given at frequent inter\als As he was 
working in an infected district, and the incubation peruvi was an 
extraordmanly long one, this experiment can hardly Iw accepted as 
conclusive, especially in \iew of the proof gi\en above, that the 
ihseaso can be carried by flies That spontaneous infection did occur 
in some way m the course of his exjHjnmonts is clear from the case 
which he records, in whuh a horse, which was being given largo doses 
of arsenic as a prophylactic measure, spontaneously developed the 
disease before he was inoculated, very possibly through infection by 
flies from some other animal under experiment This possible source 
of fallacy is excluded in the few experiments I have earned out on this 
point, by the fact that they were performed at a time of the year when 
there wore no biting flies to be found With the exception of one 
rabbit, which was fed on J cc of surra blood swarming with the 
organism, in 10 c c of milk, with a negative result, rats wore used in 
these expenmonts, either some organ of an animal dead of surra, or 
the blood of the same in milk being given At first the results, 
although usually negative, were not always so, as in the case of 
Kanthack’s experiments A possible source of infection was found in 
the fact that some of the animals had previously been examined for 
the Trypamsma sangutnut the same morning as the feeding expen- 
ment was earned out, and one of the ammals was observed to hok the 
wound in its tail m the intervals of feeding on the infected material. 
This source of infection was then carefully excluded, and several 
experiments were done in which a httle surra blood m milk was given 
to two rats, one of which was untouched, while in the case of tlie 
other the nose and mouth were first abraded In eadi case the 
untouched rat escaped infection, while the one wKh abrasions oolh 
tracted fatal saira after the usual incubation period for tiie ioocolatad 
disease These experiments, then, support the view that infeeticst in 
tile casejof feeding is through some lesion in the skin or mnemw 
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membraaea, and once more the reeulte obtained in th& ease of aarra 
are preeutely similar to those got in the researches on tsetse-fly disease 
conducted under the Committee of the Royal Society 

lY Is the Trypanosoma sanguinis related to Surra ? 

It IB pretty generally agreed that the Tnfpawmnm of rats 

IS distinct, both morphologically and pathologically, from nagana and 
surra, although in the case of the latter disease Dr Liiigard claims to 
have ptoduced surra in horses and other animals }>y inoculating this 
organism The incubation period, however, in his four successful 
out of twelve experiments in horses, varied between 7 and 65 days, 
although on the next passage it returned at once to the ordinaly 
period for sun a of about 7 days This remarkable fact, taken ui 
conjunction with his having worked in an infected area, and with 
the proof of the possibility of flies caiT;ying the disease, makes it 
possible that the infection was produced by some other agency than 
the rat’s parasites I recently inoculated a pony intravenously with 
2 cc of the blood of a lat infected with the Tiij^patmoina 
with a negative result during the 65 da>s it was under my observa¬ 
tion, the blood being examined daily, the oxpenment having being 
earned out at a time of the year when no biting flics were to be 
found, and in a non-endomic area It may thus bo worthy of record 
in this connection, as although but an isolated one, it is m agree¬ 
ment with the results of Vandyke later 

Another pony inoculated with a few drops of the blood of a surra 
dog five days after the one just mentioned, developed surra on the 
ninth day, as shown by the presence of the 7/ ypamsoma Evansi in its 
blood A negative result was also obtained in the case of a dog 
which was twice inoculated with the Tiypa'uosoim and 

examined daily for 82 days 

Rats, which had been found to harbour the Trypammm 
were also inoculated with surra, and after the usual incubation period 
in these animals of about four days the Tnjpamostma Extanst appeared 
in the blood, and were easily distinguished from the former parasite 
by their much shorter and blunter ends They increased daily until 
in most of the cases over 50 were present m a field of a Zeiss D lens, 
while the original rat organisms remained at about the same numbers 
as before the inoculation with the surra blood. The two organisms, 
therefore, appear to me to be quite distinct both moiphologn^ly and 
pathologically 

In every point, then, that 1 have so far investigated, the results 
obtamed in the case of surra closely agree with Uiose of ^e Royal 
Sony's Committee in tsetse-fly disease, and so iar as they go tlby 
the view that the two diseases are probably identicaL I had 
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hoped to have been able to mc^ arrangements lor studying both 
(hseasoB side by side, but have not yet been able to do so on aooonnt 
of the disturbed state of South Africa 


Mmch21, 1901 

Sir WILLIAM HUGGINS, K C B, D C L , President, in the Chair 

A List of the Proaents received was laid on the table, and thanks 
ordered for them 

The Ciooman Lecture, “Studies in Visual Sensation,’* was delivered 
by Professor C Lloyp Moroan, F K S 


Mauh 28,1901 

Mr. TEALL, F G S, Vice-President, in the Chair 

A last of the Presents received uas laid on the table, and thanks 
ordered for them 

The following Papers were read — 

I “ On the Arc Spectrum of Vanadium ** By Sir N LOCKTKR, 

FBS,andF E Baxandall 

II “ On the Enhanced Lines in the Spectrum of the Chromoqihere ” 

By Sir N Lockyer, F R S , and F E Baxandall. 

Ill “Further Observations on Nova Persei, No 2” By Sir N. 
liOCKYER, F R S 

IV. “ The Growth of Magnetism in Iron under Alternating Magnetic 
Force’* By Professor Ernest Wilson Communicated by 
Professor J M. Thomson, F R,S 

V “ On the Electrical Conductivity of Air and Salt Vapours." By 
Dr H A Wilson. Commumcated by Professor J J. Tho|£- 
SON, F R S 


The Society adjourned over the Easter Recess to IhursdAyt Miqt 2. 
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"On the Basalts of Chilling Copper-Tm Alloys.” By CL T. 
Hxtooce, FB.S, and F. H. Nsvm,K, FRS. BeoeiTed 
Fobniary 12,—Read February 28,1901. 

(Platsb S-8 ) 

In the Third Beport of the Alloys Sesearch Committee, published 
in 1895, Sir W Iloberts-Austen gives an appendix, by Dr Stansfield, 
containing an extremely interesting senes of cooling curves of the 
copper-tin alloys These curves made it evident that for many per¬ 
centage compositions there were three or e>en four halts in the cooling 
due to separate evolutions of heat, and that some of these changes must 
have occurred when the metal was solid A freezing-point curve was 
also deduced from the cooling curves The report contained interest¬ 
ing remarks on the meaning of the curves, but a satisfactory explana¬ 
tion was not at that time possible In June, 1895, Professor H. Le 
Chatelier also published a freozing-pomt curve, giving the upper pmnta 
only These two curves agree in locating a singular point near tile 
composition CuiSn, but do not give any singular point nearer to the 
copper end of the curve 

In 1897 we also gave, in the * Philosophical Transactions,’ a freea- 
ing-pomt curve of these alloys This curve was infenor to Dr Stans- 
field’s, inasmuch as it gave no information concerning the changes 
that go on in the solid metal, but it was a more accurate statement 
of the upper freezing points than had been given before In particu-* 
lar, it pointed out a new singular point at 15 5 atomic per cents of 
tin, the point marked C in the figure (fig 1), and a straight branch of the 
curve joining C to the other singular point marked D m the figure^ 
Both C and D are the ongins of rows of second isothermal freezing 
points, better called transformation points Like Dr Stansfield, we 
found it impossible to offer a Satisfactory explanation to the curve, 
but we hazarded the surmise that the steepness of the branch ABC 
might be due to chemical combination, and that in the region CDE 
sobd solutions existed Both of these sumusoB have since been con- 
finnedi but at that time we felt no certainty on the subject 

In their report on alloys presented to the Congr^s International de 
Physique in 1900, Sir W Boberts-Austen and Dr Stansfield give a. 
curve embodying all the above-mentioned details and some others, in 
particular a most important lower curve of changes that take place it\ 
solid alloys.^ 

* Our ttttMition has been esUsd fco the feet that the oepper-tin earve givua 

Boberts-Austen and Stansfield in the Intematumal Beport on Physua m 
bad ahseady been pubhehed by them m the Sburth Report to the Ailco* 
Bii eSrch Oommtttee in 1697,. Hue oorrectioit does not alter the ohronblogieti 
'^tbfwmee as stated in the t*xt, stnoe onr paper woe read bofore the Itpyti Sotiety 
ioAtoaM. 

txvm. 
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It xnay be reidarb^ that the freezing-point curve fomui a useful 
chart to the general character of the alloys For eoample, edicts 
vhose composition lies m the region A6 of the figure are rlsd Ivonzes 
and gun metals, tough, but not very hard, while aa we approach C 
the alloys become paler m colour and much harder Alloys a httle to 
the left of C are nearly white and extremely tough and strong, th^ 
are ideal bell metala The moment we pass C the alloys begm to 
become brittle, and the brittleness becomes very great near D The 
alloys between C and D are steel coloured, they have a glasB-Hke 



Fm 1 -^Fraesing point ourre of the copper tin all<^ Atonio peroeBtagee of tin 
are veokonod from 0 per cent on left to 100 per cent on nght of diagram 
(SatSMted horn ‘ Phil* T»niA, vol 189 , p 68 ) 

bvrduoss and take a fine polish, they are speculum metals, Lord Bosse^a 
bemg the ahoy at D With more tin than that present at the pmnt D 
tho dloys det^orate from a mechanical pomt of view, and except aa 
anti^fxictikm metalif are not much used 
^^1900 we commenced a study of these alloys by mmms of lihe 
'iBicrOaoope As regards the regions ABO and that to the i^t oi E 
we at first did little more than confirm results which we found had 
heeti already puhhsbed both by Mr Stead and hy M. Chariyj Init in 
tbetiipcm ODE we appear to have olmerved more detail thania oan* 
tatod in the pubhahed work of these obaervera. We were et^teiaQ^ 
atvm&c by a diacrepaucy, in the region CD, between the oryatahn^ im 
the of the alloys and the intemdl pattern. Omr hiddt 
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laitke the aUoya in an atmosphere of coal^ or hydrogen, and to 
allow them to cool in this atmosphere If made in thu way, we {cAmd 
that all plloys, from A almost to O, showed on the top <d the ingot a 
regular crystallisation in relief, of the reetangolar comb-like efaanoter 
so often seen on the surface of cast metal. This was as perfect in the 
white metals between C and D as m the red alloys between A and B 
These crystals disappear when the pmnt D is reached, althongh with 
much more tin other tvpes of raised crystals are seen. These combs 
are of course primary crystals, standing out on account of the con¬ 
traction of the solidifying mass and the consequent retirement of the 
mother liquid When the ingots of alloy are cut, the surfaces polidtod, 
and the internal pattern brought out by igmtion or etching, one sees, 
as Charpy and Stead hare shown, that similar combs, nch m oojqiei; 
occur in the interior of the ABC alloys, the combs being embeddi^ m 
a matrix which is itself complex (see photo 1, PI 2) These combs am 
numerous and large in the gun-metals of the region AB, but decrease 
m numbers, sue, and perfection as we approach C For some distance 
to the left of C they arc much broken and distorted, and to the 
of C they do not appear at all m the bodjr of the alloys, but they 
nTiiit. on toe outside in the same perfection as before Moreorer, if 
toe top of one of the alloys anywhere between a pomt a little to the 
left of C and toe point D be slightly ground down so as to obtam 
sections half through the raised crystals, and the pattern examined, it 
18 found that the crystals are not homogeneous, as one would eiqieot a 
crystal to bo, but that each orjrstal is full of a well-marked pattern 
identical with that of the body of the alloy To illustrate this pecu¬ 
liarity, we give a photograph of the top of toe alloy containing 14 
atomic per cents of tm (photo 2) Hence it appeared that the aOi^s 
underwent remarkable changes teto during and after solidification. 
In toe itUoy of photograph (S) the larger detail m the substanoe d tiie 
bars of raised crystal, or something not unlike it, was formed before 
the raised pattern, but the smaller detail, hardly seen at this magnifi¬ 
cation, 18 more recent than toe raised pattern 
Photograph (1) shows the large immary combs existug in tbe 
iutenor of an alloy contauung 12 atomic per cents, of tin, and photo¬ 
graph (8) shows toe utterly difTerent pattern existing on tiic other 
side d C. It ie that d an allpy containing 16 7 attmuc per centa. d 
tin. It most be remembered toat on tiie outeufo the aUoy etfll abewe 
tiw These alloys warn tlowly cooled, that», not subjeeted to 

maf rv^**«*" obtll dnnng cooliiig. A pattwa Idra tiiat d idtotograph 
(A is given by Cfiurpy for an alloy containing equal we^te d oqpper 
and SUM. We have also found it ut some aihret-nno allt^ and wa 
it always means that dumges have takm place m ^ eolid 

' ^ -(EIm patents at aU points on the mnrvo ware to pustiing tiMt fa 

0 2 
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almost despaired of being able to interpret them, until after reading 
Professor Booaeboom^s paper on the “ Solidification of Mixed Crystals 
of Two Bodies/ published m the 'Zeitschrift fur Pfaysikalische 
Chemie ’ of December, 1899 The beautiful theory contained in this 
paper made the attempt to decipher the hieroglyphic of the oopper-tin 
alloys more promising; but the experimental method recommended 
by Boozeboom, that of isolating the first crystals that form when a 
hquid begins to solidify, is beset with almost insuperable difficulties in 
the case of metals melting at high temperatures Cooling curves will, 
it IB true, give the approximate moment of complete solidification of 
an alloy, and enable us to plot m a rough way the “ solidus ” curve, 
as Boozoboom calls it ^ but the solidus curve thus obtained is not 
nearly so accurate as the “liquidus” or freezing-point curve Wo 
tberrfore had recourse to the microscopic oxamiimtion of chilled 
alloys, a method which has thrown so much light on the nature of 
steel. 



FlO 2 — Coolinj^ curve of the alloy Cug,Sn |0 Percentages by weight Cu 

So 30*44 Time IS measured borixontally Bqual vertual distances correspond 
to equal differences in platmum temperatures Tito numbers at udei of 
diagram giro tumpemtures on the Oentigrado scale The numbem oa Me 
curve are the points of dulling. 

The first step was to imitate Austen and Stanefield and obtain » 
cooling curve of an alloy by means of a recording instrument. Wo 
used a Callendar recorder in connection with a platinum pyrometer. 
Fig. 2 18 a small scale reproduction of the cooling curve tbue 
obtained in the case of an alloy containing 19 atomic per cents of tin 
In this curve the temperature of the coobng alloy is measured verti- 
oally, and the time is measured honsontally It will he seen that 
evolutions of heat occur during the penod MNO and also at P and Q. 
Bdow the temperature 0 the alloy was a rigid mass, a solid. THiSi 
temperatures marked 1, 2, 3, Sa, 4, 6 on the crave were then seleeteS 
a« points at which it seemed well to chill portions the alloy. Tbo 
pyrometer was therefore transferred to a bath of molten tm, 

Weil above the highest freezu^pouit td the alloy, and enudl 
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of from 6 to 10 grammes of the alloy, contained in little test-tubes of 
Jena glass, were immersed m the ba^, these were in an atmos^diere 
of coal gas, and so did not oxidise The bath of tux was then allowed 
to cool dowly and uniformly, and when the temperature fell to one of 
the selected points, a tube was taken out and plunged into water 
The alloy was thus chilled, the slow cooling being brought to an 
abnipt end at any desired temperature. 

The chilled alloys were afterwards ground down and pobshed in the 
usual way After the tnal of many reagents for bringing out pattern, 
we adopted the method of slightly heatmg the surface until the film 
of oxide formed was of a pale yellow colour Behrens some years 
ago recommended this method, and Mr. Stead has pointed out that 
It develops differences of chemical composition very well, while 
etchmg reagents complicate the picture by revealing the orientation 
of crystals and other details which are not always needed With 
one or two doubtful exceptions, we find that in alloys richer in 
copper than CuaSn, the parts which oxidise most rapidly, and are 
therefore darkest in the yellow stage, are the softer parte contam- 
ing most copper When alloys on the branch ABC are oxidised the 
pattern is very distinct to the eye, but it is sometimes difiicult to 
obtain much contrast in the photographs, la such cases (for example, 
in the alloy of photograph 1) we etched the surface with strong 
ammonia, which also darkens the parts richest in copper Alloys on 
the branch ABC are very sensitive to reagents such as ammonia or 
hydrochlonc acid, and from C to D, where these ha%e but little 
action, a mixture of hydrochlonc acid and potassium chlorate etches 
rapidly One can use these reagents to control the effect of heat 
oxidation ui cases where the low temperature of chillmg makes it 
possible that the heating needed to produce the yellow colour may 
have reversed the result of chilling, but we find that there is not 
much danger of such a reversal 

The upper point alloy, chilled at the commencement of solidification, 
was generally found to be granulated by the operation of dropping 
into water, but portions could always be found suitable for pdish- 
mg; the other alloys had always solidified before the chilling, and 
thmfore gave compact ingots. 

After pohshing, the alloys were heated until a pale yellow oxidation 
colour was produced on the surface 

Alloy (1), chilled when much of the metal was sUU liquid, shows a 
pattern of large primary skeletons, more or less comb-like in appear- 
auee, which oxidise much more rapidly than the mother substance, 
and which therefore oontam more copper than it (photo. 4). 

JLUoy (2), dulled when the sobdifioation was almost complete, shows 
duAdioiis much iK)fter m oudine and not differing much in oxidation 
icnbmr from die ground; but these skeletons occupy a much laiger 



176 


Hesais € T Heyoock and F H Keville 

area than m (1), nearly filling the field, and being only aeparated 
from each other by an imperfect network of lees oxidised mother 
substance 

These two alloyB arc deeply etched in the process of polishing with 
rouge, the softer pnmanes rich m copper being eaten away The 
pattern is so large that it is best examined with a power of 10 or 
20 diameters 

In striking contrast to the above, alloys (3) and (3) A, chilled when 
the fldloy has been solid some time, show no pattern oven with a power 
of 300 or 400 diameters (photo 5) 

Alloy (4), chilled at P, the next point of heat o\ olution on the cool¬ 
ing curve, shows a pattern which is a close approximation to that of a 
slowly cooled alloy, and alloy (5), chilled at a still lower temperatui*e, 
18 an almost perfect reproduction of the slow-cooled pattern (photo. 6) 
It will be noticed, however, that a little below the chilling point of 
(5) there is another stage of heat evolution, and in harmony with this 
we can find one point of difference between the pattern of (5) and that 
of the slowly cooled alloys of the region CD Ekith in these and in (5) 
the surface is divided into large polygons bounded by bands of a 
smooth material, and the intenor of each polygon is more or leas 
full of a broken fern or flower-like crystallisation of the same smooth 
body as that of the bands The ground in which the f om leaf lies is 
more easily oxidised than the material of the fern loaf and bands, so 
that the ground probably has more copper in it In the slowly cooled 
alloys near C there is very little of the fern leaf, but as we approach D 
it increases in amount until at D it almost fills the whole area, not 
absolutely, however, for a network of the darker ground can still be- 
traced here and there A comparison of photos 3 and 6 illustrates 
this growth of the fern leaf with the increase in the percentage of tin* 
In the slow-cooled alloys the ground is granular—in fact, an immemon 
lens defines it as a well-marked outectic In (6), on the contrary, titm 
ground appears to be uniform, probably chilhng at a temperature 
below Q would convert it into the eutectic 

All the alloys from a little to the left of C to beyond D exhibit 
idinilar contrasts between the chilled and slow-coded patterns, there 
being for each alloy a region of temperature such that if it be ofaiQed 
in this region it shows no pattern Alloys between D and E are stilt 
more remarkable when chilled 

If we apply Boozeboom’s theory to these results, we see that in iflie 
cooling curve the branch LM corresponds, as is obvious, to the ood- 
mg of a liquid, and the short branch MN to the formation of nuzed 
orystab seporatmg out of a liquid that is contmtially groiring richer 
in tan, so &at the crystals are suffering transformation. Tlw braftoh 
NO, dmoBt flat at first, and then only alightljr doping, corrnqpMtdil 
tb an isothermal tcantformation of -the w ri w ed crystals 
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tbe aolidifieation of the whole mass to mixed crystida, which, assu*^ 
ming no lag in the transformations, should be uniform. The long* 
slope OP would then correspond to the ooolyig of a solid mass of 
uniform crystals, and therefore the alloys chilled in this region of 
temperature show no pattern But at P the solid solutima becomes 
saturated, and on cooling below this point the band and fern leaf orys- 
talhses out At a still lower temperature, probably Q, the mother 
substance of the fern loaf breaks up into a eutectic, formed in the 
solid We think that P is a point on Austen and Stansfield’s lower 
curve, and that Q is the eutectic angle of that curve It will probably 
be found that the mother substance in all alloys from about B to D 
breaks up into a complex when the alloys cool to the temperature Q, 
so that if cooled slowly it is a eutectic, but if chilled above Q a 
homogeneous body 

It 18 not difficult to form a conception of how the type of pattern 
found below the temperature P originates Slightly above the tem¬ 
perature 0 the alloy consisted of crystal grains surrounded by mother 
liquid somewhat richer in tin At the moment of complete solidifica¬ 
tion the grains should have adjusted themselves so as to be identical 
throughout, but it is improbable that so perfect an equilibrium was 
attained, and the solid mass at temperatures below 0 must have con¬ 
tained nuclei richer in copper than the matenal surrounding them 
In fact, prolonged polishing brings out a vague pattern in relief, 
showing differences of hardness, and therefore of composition. Now 
the alloy that we are considering lies to the right of Austen and 
Stansfield's eutectic angle in their lower curve, hence when the solid 
solution became saturated the new crystallisation commenced in the 
interspaces rich m tin, and more or less took their form It is clem* 
that the resulting structure would in section give the bands and poly¬ 
gons of the slow-cooled alloys Similarly the inclusions of mother 
substance in the grains existing at 0 would be the origin of the isolated 
fern leaf. 

Although it was hardly necessary, we thought it would bo interest¬ 
ing to arrive at the condition of no pattern, starting from the solid 
alloy instead of from the liquid We therefore took a fragment from 
an ingot of the same slowly cooled alloy, heated it to a faint red heat 
in the Bunsen flame, and dropped it into water It showed no pattern 
after being polished and ignited to a pale orange It was then heated 
to a temperature a little below redness, and allowed to cool for five 
minutes above the flame, repolished, and brought to the orange state 
It then showed a very perfect slow-cooled pattern, the feni leaf being 
paffticuiarly good. The polygons appeared to be of the same sise as in 
the ongmal alloy, which hod taken an hour or more to cool, but the 
bands were much thinner and the fern leaf smaller; the eutectic diso 
was vety mnty, while in ^e original ingot there were hurge eqmes of 
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it Thus the same alloy, without being melted, can by heating and 
ohiUing have alt pattern removed, and by reheating, followed by a 
not very rapid cool, the pattern can be restored The constancy m the 
size of the polygons points to their having been fc»ined at an earlier 
penod in the history of the alloy. 

We see from the above that the patterns of slowly cooled copper-tin 
alloys are, at all events until they have been confirmed by the examina¬ 
tion of chilled portions, entirely misleading as to the separations that 
occurred dui mg solidification Even the evidence for the existence of 
the compound CusSu will have to be revised, although in a somewhat 
altered form it will probably be found to be satisfactory 

We hppe shortly to present to the Koyal Society a more complete 
account of those alloys 


^*Ou the Enhanced Lines in the Spectrum of the Chromo¬ 
sphere” By Sir Norman Lockybr, KCB, FES,, and 
F E. Baxandall, AE.CS Eeoeived March 19,—Bead 
March 28.1901 

In the recently published account* of the spectroscopic results 
iiblaiiied by members of the expedition from the Yerkes Observatory, 
during the solar eclipse of May 28th, 1900, although the record of the 
wave-lengths of the lines photographed on the different eclipse plates 
16 of great value, exception must be taken to the method of assigning 
origins to the lines This question is so important ]U8t now that it is* 
desirable to deal with it without delay The only ongms which 
Professor Fiost appears to accept are those given by Eowland to any 
moderately stioiig solar lino which agrees in position, either exactly or 
veiy* nearly, with an eclipse line In discussing the eclipse hues he 
has made specific allusions to the “ enhanced ” lines of some of the 
metala, and to their relationship—or non-relationship—to the eebpse 
lines. 

On p 347 he says, These plates give no evidence of any relation- 
ship between the bngfat lines and the * enhanced’ lines, or lines 
dutmctly more intense in the spark than m the arc spectrum, although 
Sit Norman Lockyer has attached much significance to a supposed 
connection between them Some of the enhanced lines are present 
and some are not, or at least were not conspicuous enough for measure* 
menL” In the paragraph injmediately following, he eays, “ In ease 
of titanium, for which Lockyer gives 48 enhanced lines within 
our limits, we may summarise the comparison as follows: 17 lines do 

• Fmt, * Ast-Pbjf, Joum,/ rol. 12, p 807,1800* 
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tiot appear aa bright on the eclipse plates; cme pair is doubtful, 
the remainder occur as quite strong lines of the ordinary dark line 
spectnim, and hence would be expected to appear in the reversmg 
layer, as they do ” 

If a dilFerenca of 0 3 tenth metre be allowed between the wave¬ 
length of an eclipse bne and that of the possibly corresponding metalhc 
line (and m some cases Professor Frost accepts a difference of 0 35 or 
more between his adopted wavelength and Bowland’s solar wave¬ 
length), the seventeen lines above mentioned dwindle down to ten. 
That leaves, then, thirty-eight out of forty-eight of the enhanced lines, 
or about 80 per cent, which agree in position witbm 0 3 tenth-metre 
with the eclipse lines Surely this shows as close a relationship between 
the enhanced linos of titanium and the eclipse lines, as that between the 
latter and the stronger of the Fraunhofer lines, for it is stated on 
p 345, **of 171 of Kowland’s lines, 61 per cent were measured aa 
blight on the plates ” 

Nowhere has it boon contended that the whole set of enhanced hues 
belonging to any one metal are represented in the spectrum of any one 
celestial body, what has been stated is that the enhanced lines of some 
of the metals are, in general, of paramount importance m the spectra 
of some stars {eg, a Cygiii), specially prominent in others {eg,y Cygni, 
the spectrum of wbich, with the exception of the absence of hehum 
lines, very closely resembles that of the chromosphere), and are a 
marked feature of the spectrum of the chromosphere itself 

Professor Frost either has not noticed, or does not point out, that 
most of the enhanced lines of titanium, as compared with the ordinary 
Imes of that element, are specially prominent, and are amongst the 
lines of greatest intensity in his list, as shown in the following table, 
The ffrst two columns of the table contain respectiviaqi the wave¬ 
lengths and intensities of Howland’s solar linos (in the region covered 
by the eclipse lines), which have an intensity of 2 or more, and which 
have been ascribed to Ti only. Double assignations, of which Ti forms 
one, have been omitted, as it is difficult, if not impossible, to determine 
what proportion of the intensity of the solar line is due to each element. 
The third column indicates whether the titanium line at the given 
wave-length is an enhanced one or not. The fourth gives the wave¬ 
lengths, the fifth and sixth the intensities, and the eighth the origins 
which Professor Frost has adopted for the corresponding echpse Unes, 
and the seventh the intensities of the lines reduced from the Kennng- 
ton eclipse photographs. To make them rou^y comparable witb 
FrofeBSor Frost’s, these intensities have been multiplied by ten throt^h- 
out, as 1 is adopted for the weakest lines in the Eensmgton jdioto- 
graphs, whereas he adopte 10 for lines just visible. 
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In the above list of sokr-titanium lines there are thirty-three which 
are not enhanced ” m the spark spectrum It will be seen that 
twenty-three of these—or 70 per cent—have no corresponding line 
(within 0 3 tenth-metre) in Professor Frost's record of eclipse lines 
Of the nine ochtise lines in the table which do agree approximately in 
position with unenhancod titanium lines, two are with certainty due to 
other metals, and in another case thei e is more evidence for an iron 
origin than one of titanium These are indicated in the column for 
remarks The remainder are nearly all linos of insignificant intensity 

Of the twenty “enhanced " lines of titanium nhich occur in the list, 
nineteen have con esponding lines in Professor Frost's eclipse spectra, 
the remaining one being also possibly represented, but it falls so near 
the strong lly line that it might be easily masked Not only are they 
represented m the eclipse spectra, but in nearly every cose the corre¬ 
sponding eclipse line is a prominent one, as will be gathered at once 
from a glance at the tabular list given 

Professor Frost summanly dismisses the significanco of the enhancet) 
lines of titanium in the eclipse spectra, because “ most of them occur os 
quite strong liTien in the ordinary dark line spectrum, and hence would 
be expected to appear in the reversing layer, as they do " But if he 
would expect one line of a certain solar intensity, ho should expect all 
lines due to the same element which are of an equal solar intensity, to 
appear in the eclipse spectra Yet another glance at the foregoing 
table will show that many of the titanium lines strongly represented 
in the eclipse spectra are of the lowest intensity in the Fraunhofer 
spectrum, and that if lines of a certain solar intensity be tonsidorod, 
those that are enhanced lines appear in the eclipse spectra, whereas 
the unenhanced ones do not 

In this comparison no account has been taken of the relative 
intensities of the lines in the titanium spectrum itself Ilasselborg 
has published^ a lengthy list of titanium arc lines, and m the region 
covered by the eclipse spectra records about 250 To compare all 
these with the eclipse lines would take too much time and space, 
nor LB it necessary To show the difference in behaviour m the 
eclipse spectra of the enhanced and the strongest arc lines, two 
separate lists of titanium lines have been made. The first, which 
follows immediately, contains all the enhanced linos which occur 
in Hasselberg’g arc list, and the intensities of Professor Frost’s and 
the Keusuigton eclipse hues which correspond within 0 3 tenth-metre 
are also given 


n * Fongl Srenska Tetenekaps Aksd Eaadlrol 28, No 1, 18D5 



Lines of lltaniam recorded by Hasselberg in Arc Spectrum, and their behaviour in Echpse Spectra. 
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Beference to the above table will ahow that the “ arc ” intensitiee of 
the enhanced lines vary from 2 to 7 (maximum intensity adopted 
IS 8), and that nearly throughout Frost roconls corresponding eclipso 
lines, the majority of the latter being quite prominent 

The second list consists of the very strongest arc lines (intensity 
7 and 8) which are not enhanced in the spark spectrum Here again 
the intensities of the corresponding eclipse lines, if any, are quoted 


Strongest Arc Lines of Titanium, and their i elation to Eclipse IjIHos 
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Here, it will be observed, there are only seven out of the twenty 
strongest titanium arc lines which have possibly oorrei^onding Imee in 
Frost’s eclipse spectra To three of these eclipee bnee he eaeigna no 
(mgin; to the others he gives compound onguu, 'three oi them 
involving titanium, in no case is the corresponding eclipee line as 
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strong AS the majonty of those which are the representatives of the 
enhanced lines 

In the case of iron, all the woll^hanced lines are represented in the 
eclipse spectra, but they are not of quite the s«anie prominence as the 
titanium enhanced lines They are, so far as ibeir intrinsic intensities 
in the iron arc spectium aio concerned quite insignificant linos as 
compaied with the majonty of other iron lines, but their importance 
hos m the fact that they are a class of lines of special behavioui, licing 
1 datively stronger in the spark spectium tliHii in the aic In the 
eclipse spectra they are undoubtedl} roineseiited by strongoi Iitich 
than are the of iinciihaiued iron lines, howu\cr strong 

the latter may ho in the non an sjiectrnm itself 

Owing to the great nuniber of non hues in the solar apeetrum, a 
comparison similar to that given for titanium ovei the whole region 
covered by the eclipse lines would iiecessitati* the compilation of a 
very lengthy list lint whatever evidence there h either one w'ay oi 
another should lie revealed b} a toni|iansoii over a limited region, so 
it IK proposofl to take that between A 4500 and A 4000, since the 
proportion of eiihauccd to uiionhanced iron hues is thcie greatest, 
and therefore a Ijettoi ojipoi tumty is afforded of n fair comparison of the 
lichaviour of the two classes of lines The table given on p 187 is 
arranged in exactly the same wa} as in the case of titanium, with 
the exception that tlici e is an cuhlitional t olumn showing the inten¬ 
sities m the arc spectium, as lecoidcd by Kaysor and liungo 

It will lie seen that the nneiihanced lines aie here also unrepresented 
in the eclipse spectra, wuth the possible exception of three, which are 
lecorded as very weak Ihiub in one of Professor Frost’s spectra, but are 
missing from the other All the enhanced lines, however, although 
they have the weakest aic intensities, appeal in each of the eclipse 
spectra, ami have .ibnormal intensities compared with those corre¬ 
sponding to the nnenhunced lines It must be pointed out that only 
four of the nine enhanceil iron hnes iii the pait of the spectrum con¬ 
sidered appear iii the alvov o list, because they are the only ones wluch 
are given in Ktiwlamrs origins for solar lines At least four out of 
the remaiiung five—those at AA 4515 51, 4522*69, 455610, 4576 51, 
probably correspond to the solar lines 4515 51, 4522 69 (or possibly 
4522 80), 455606, and 4576 51, to which liowlarid has assigned no 
ongin. The outstanding line at A 4541 40 is doubtfully present 
in the solar spectrum The fust throe of these five hare correspond¬ 
ing lines in the eclipse record, the other two have not* In the 
Kensington reductions of eclipse spectra there arc, however, lines 
agreeing (within 0 3 tenth-metre) with every one of the enhanced 
Imes mentioned 
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** On the Arc Spectrum of Vanadium ” By Sir Nohman Lockykr, 
K.OB, FR.S, and P R Baxandall, ARCS Beceiverl 
March 10»—Bead Mardi 28, 1901 

The spootrum of vanadium is so unportaiit, especially on account of 
the prominent part which lines of that element play m the spectra 
of Bun*apotB, and the existing recoids of vanadium lines dilfer so 
considerably, that it has boon thought desirable to publish a list of 
the linos reduced some time ago from the Kensington photographs of 
the aic spectrum 

These photograplis M^eic obtained by Mr C P Butler with a 6-inch 
Howland concave grating of 21J feet focal length and 14,4.38 lines to 
the inch The region of the spectrum investigated extends from 
A 3887 to A 493J, and oc( ii])ics on the plates a length of 16| inches 
The sources of the spcctia wore (1) vanadium chloride, and (2) a 
puic sample of lanafLuui oxide supplied by Sir Henry lioscoe, to 
uhom wo viish to express our thanks In each case they were 
volatilised 111 the arc between poles of the purest silver which could 
1)6 obtained, and which wetc kindly placed at our disposal by Sir 
W. C Roberts-Austen These are used because the nuraiier of linos 
<lne to the poles themsehes is so small compaiiMl wntb that produced 
when carbon poles are einplov cd, that it is much easier to detect the 
lines really due to the substance under consideration 

Lists of lines in the arc spectmin of vanadium have licen published 
by Rowland and Harnson,* and by Hassclborg t The former 
investigators used some compound of vanadium (not stated in their 
paper) volatilised on carbon poles, the latter employed poles made of 
the metal itself 

The three lecords naturally contain a laige number of hues in 
common, but there are many diflerenees between any two of them for 
which it IB difficult to account To show these differences it has lieeii 
considered best to give side by side in tabular form the lines m the 
throe lists, and analyse the lines special to any one list, with the 
object of either properly establishing their claim to be accepted as 
true lines of vanadium, or possibly traimig them tf> their real ongui 
It may be safely assumed that linos common to apy two of the lists 
really belong to vanadium « 

To eliminate linos iluo to impurities, the vanadium spectrum has been 
directly compared with the arc spectra of all the other elements avail¬ 
able at Kensington, photogtaphed exactly on the same scale. If the 
** strongest’* bnes of an element aie not represented in the vanadium 
spectrum, apparent coincidences with any of tlie ** weaker ” lines are 

• ‘ Astro -Phys Jour ,* toI 7, p 278, 1B0B 
t ' STODska Tetenskapi Akad Handl / vol 32, No 2,1899 
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not accepted as fiirinshing any proof of the exiatonce of that element 
as an inipuuty in the vanadium This companson shows that, in 
addition to those belonging to silvoi, the only lines which with anv 
degree of probability can lie attiilnited to other metals, are tiacos of 
the ^ery Htrongost hues only of iron, raangatiode, chromiiitii, cobalt, 
calcium, strontium, uhiminmm, and loud Such lines (a list of which 
18 given later in the {uipor) have }»oen left out of the following table 
Although liowlaiid gives Ins wa\e lengths to one-thousandth of a 
tei^b-metie, foi coinenience of companson with the other records his 
values aic quoted, throughout the present papei, to the nwirest 
humliedth of a tenth nietie A brief reference must be made to 
Bon land’s scale ol intensities In his paper he states that the scale 
he hiHs adopted is from 1 to 1 'i There aie, how(uor, sc\oral intensities 
given nhnh are beyond these limits, lint the} are probabh due to 
typographical oitoih Sudi cases arc indieatcd in the (olumn for 
remarks It wouhl seem rather dilhcnlt to reconcile his adoption of 
such a scale nith the opinion expicssed in tlie uitiodiution to his 
“rielniiiiitti> Table of Solai Spectinm AA ave-lengths ” to the cflect that 
“the ordinni V scale from 1 to 10 or fioiii 1 to 6 is t.u too limited for 
the spectral hues, espcdally for the metallic spectia, 1 to 1000 is 
liardlj gioat enough^ foi the enoimous diftcience in interisitj The 
small lango, I to 10, ordinanl}' used gives an entire!} wrong idea to 
the woiker m this subject, and manj books nitb spectioscopu theories 
might ha^e been sa^ed bj using a scale fiom 1 to 1000 ” 
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• Jnnadmn Air Lmu —contiinieil 
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Jlefeieiice to the foregoing uhlc will show th.xt the Kcnwiigtou lint 
rind HuflRellwrg’H coatHin many lines in toiumon which art missing 
from Kf»wdiind*B Tins is piohahlj due to the fact tluil the lattei 
used carlKm poles, which furnish so man) lines themselves that it is. 
oxtiezuely diDicult to jmk up all the lines ically due to the sulistance 
volatilised on them As an instance of this, in the legiou liotwocn 
A4130 and X 421G, thioughout whieh the strueture lines in the earhoii 
fluting which comineiices at the lattei wavo-longth aie most crowded, 
Rowland records only eleven line<i, whereas ni the corrcaponding 
logioii Hasselheig gives fort} nine, and the Kensington photograph 
show^fl seventy five 

Taking HasRolborg’s list us a basis we find that the few lines given 
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Foni of these may l>e ])rosent in tlic KoiiHington pliotogia])]i, hoing 
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Lines TCforded as Double b\ JLiKstDieig 


lliist«olb( i;X 

1 

on 

1 

Kowliiiul { 

1 


Int 


' Tilt 



I 

irit 


Mnx 

\ 

'Mh» 

X 

1 Mux 


4 5 


1 ’f' 



16 

8^81 iO 

a(Mi :>o 


a‘Hl 16 

1 „ 

0 




4.123 

Ui» 41 


1 4421 Ui 

' 4 

112i 

17 


4619 8*1 
44)19 97 ; 

Al 

1619 92 

7 8 

1 

4619 

•K) 

O'** * 

4757 5j 
4757 6H 

A) 

1767 62 

' 7 it 

1757 

69 

4 ' 

i 

4770 54 
4770 7o 

1} 

1 

4776 Chi 

\ ^ ' 

[ 1776 

64 

5 ! 

1 
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them Hre ohvioiiBh duo to othoi niotHls oxistuig as inipuMties either in 
the ]X>los 01 in the coni|>ound <»f ^tuu<lium whicli avhs used, ^aml 
although seveial of those Imes occur in the Kensington photogiaph, 
thin haAe been discarded AttemptH to tiace the lermumug lines to 
othei ongnis have been unsiuccssful 

\\ ith reftMoiue to the lines winch aie absent fnnn KowlaiuVs list, but 
wlu( h apjtcHi in the othei two, it seeiU'i (certain that many genuine and 
strong lines of \anadium have eithei mil been identified b} him, oi 
have for some leason been discarded from his list In this connection, 
it may he Btat*Hl that main of the lines icrordeil by Uowland in his 
“Table of Solai Wave-lengths’* as being due to vanadium, <lo not 
apjiear in his list of vanadium ate liiiOh, though nearly .dl of them occur 
as strong lines in both 1 lasselberg’s and the Kensington records A list 
of these is given on the next |>«ige Those maiked with a t aie taken 
troni a list of t once turns which he lias given* to his “ Tables of Solar 
Wavedengtlis *’ The icinaindei aie taken fiom his original tiiblos 
Included in this list aie seven lines possibly idontua! with lines in 
Itowhiiurs an spectium, though the diHerenco in his two recorded 
wavelengths of the possdilv conesporiding an and solar lines vanes 
fiom ten to iiineteeii hiiiulrcdths of a tenth-metre, a difference which is 
gieatl} HI excess of what he clauns to be lus limiting oiioi in the 
estimation of w.ive-lengths 

In the Kensington list there aie 194 lines wluch do not appeal in 
either Hasselheigs oi KowlaiuVs It will serve no useful puijiose to 
eimmeiate tliose in a special tableaus thi»y can be easily lofoned to 
in the geneial comparison table given in an earliei pait of the papei 
An analysis of their intensities shows that sev eiity-sev i n aic vety w^eak 
lines, of intensity designated <* 1, lifty-three of iiiteiisitv 1, thiity nine 
of intensity 2, twentj of intensity 3, three of inteusit) 4, and two of 
intensity r>, the maximum intensity adopted being 10 

Ko other probable oiigin has been found foi aii^ of them, although 
the vanadium spectrum has boon comiwicd direct!} witli the arc 
spectra of the following elements —Ag, Au, La, Bi, Ca, Cd, Ce, Co, 
Cr, Cs, Cu, Dl, Fe, Hg, In, Ir, K, La, Li, Mg, Mn, Mo, Nu,Ni, Os, Pb, 
Pd, llh, Kh, Ku, Sc, Sn, Sr, Ta, Te, Th, Ti, Tl, U, W, Yt, Zn, Zr 
As those lines appear in the spectrum w^hen cither the oxido or 
chloride of vanadium is used, there seems to be no reason to doubt 
that tho> are really duo to \ana<huni 
Several of them aie evidently present m IlasHclliergs photograph, 
as 111 his companson of certain vanadium Imos with lines of equal or 
nearly equal wave-length belonging to othei metals he lecoala the 
following, but has left them out of his comprehensive list of vanadium 
lines, proBUmabl} as being due to other metals which exist as impurities 
in hiB vanadium 

* ‘ Ani -IMiji .Tour rol 0, p 884,189/ 
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Lines picMOUJsly rocouled m V Uy lioMlaud in his “Table of Solar 
'Wave lengths,” which arc nut intliuled in lus Vanadium Arc Lines. 
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I Then* la ho evidonco iliat 
1 tho linea in the Keaaing 
tou photognph ai'6 due 
< to auy of theae metal* 


Thu following ImoH occui in tho photogrtiph, but have been left out 
of the Keiieingtoii loconl an they are conmdeiod to bo undoubtedly due 
• to other metaln 


Lines of other Metals which occni iii the Kensington Vanadiinn 

Spectrum 
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All these Imos are the \eiy strongest in the spectra to which they 
respectively belong, and although in the vanadium spectram there are 
odwi lilies apparently identical m position with some of the weaker 
lines of Fe, Mn, Co, and Cr, a comparison of their relative intensities 
in the two spectia shows that they cannot reasonably be ascnbed to the 
presence of such metals as impurities m the vanadium, but must lie 
Hecepted as genuine lines of both metals, so far as the dispersion 
asnplbyed enables ue to form au camion These are given in order of 
wave*length ui the following table — 
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' A l*ielnninaiy Account ot the DevelojniitMil ot the Free- 
swimming Nauplius ot L^^oihra hyahna (Lillj)” lly 
Eunest Wauken, J)S( » AHHistant Ihofessoi of Zoolog), 
irnuei-Hity College, ritnulon Coiinuunicatecl h) l*ioteBHi»r 
WeiJ) 0\, F.ES Uec*ei\i*fl Fehnmi y 4,—Itoul Felmiaiy 28, 
1901 

Lepto<]oia appoaia to la* <i pnniituci (iaphaul xn retaiiiuig n long, 
iiiiiikedly rtogmoiited alKlomen, and for this leasori it s«»enicd likely that 
HU in\ofltigatioTi on th(‘ doieiopiuent of the i^iiitoi-gcnoiation might 
throM Romo light on thb vexed quCRtions in Ci usUreHii dei olopment It 
W4H more iiartuniail) desired to aHtorUiu whether any \e8tige of a 
octurred, and that if so, whether any remnant of it persists m 
the adult With this object in view, it nas necessary to inquire into the 
ongin of the genital cellR and of the .intonnarv and maxillary glands 
111 April, ItiOK, l^rofeflsor Hickson obtained a few naiiplu from Lake 
Bassonthwaite, Cumberland, and later in the yeai a largo number of 
adults This rnutenal was most generously placed at my disposal by 
Profossor Weldon, an<l I wish to express to him my sincere thimks 
The matenal was insufficient for my purpose, and in the following 
spring I ifisited Lake Basseuthwaite to tiy to obtain fresh matonal, 
but I met with very little success Last spnng, however, sufficient 
material was olitauted to continue the investigation * The preserntig 
reagent employed was Flemming’s solution (strong formula) 

* I am mdobtod to the Koyal gociatj for a Qovomment Omnt in coaudotbta 
with obtaimag thu material 
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Fig 1 repteBOJiU the youugeat iiauphus tou*nette(1 It should be 
noticed that Ant 1 ih not h Bwuumiiig appendage The postcnoi end 
of the ImkI} la rounded, as the characteristic caudal folks are not yet 
deveIope<l The niandihle already {KfssesMCM the ludnnent of a biting 
blatle The fiiat .ind second mavilia^ are repiesented by the merest 
judiments Tlunacu logs 1-6 me piesiMitas roiispiciious buds The 
low Cl hp is not \ct de\elojM*(l 



Fiu I -^Vtutrul \iin of the YotingcHi nauplui^ Ant 2 j- iolntiTil\ mucli longer 
then at am other pi iiod of lifo x 110 dittinrtorx 

On each side of the pioctodecuni there is m httlc ectodermal pit 
scoretmg a coiticular (1) snlistance In an oldei nauphuB, a pominent 
spine projects out rif these sacs, which aie then situated at the ends 
of the caudal forks (fig 2) llieso ectodermal [Uts bear a strong 
resemblance to the setal sacs of a ChaE^topod 
At this time the mesenteron has an incomplete lumen, but both the 
stomodmum and proctodieum ha\e reached it 
Above the gut there is a largo collection of yolk-iuasses surrounded 
by a membrane of flattened yolk-digestmg cells which send processes 
itiwards lietween the yolk-masses. There is no yolkHsao duct 

In sm older nauphus the biting blades of the mandibles arc more 
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developed, and at every future moult the awimnuiig ramus graduallv 
becomes shorter Belatavely the maiuhblos travel somewhat forwards, 
so us to lio situated nearer to the month The rurlimont of the second 
maxilla is just visible, that of the first niaMlla is only seen in h 
honssontal section of the embryo 



Fro £ -Doii»aI mow of uiatansupUuv Tlw eubi^onio ottrapotse, formed hr tlio 
fiutoo of Hio fHo dorao-Iateml iwellmgB, w gnuliiall^ cxtoiiding bacltvrsrdii 
ovm* Ihe thorax x 110 diamstm 


III these uauplii, I mot with a romurkable instance of umupiat 
development in the different organs. Several nauplii which were 
presumably older than those with a rounded posterior end (sinoe tb^ 
were somewhat larger and possessed eauda] forks) were, nevertheless, 
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tHuch lesB advanced in the development of the internal organs The 
subject of variation tn and the partial independence of the 
difTerent organs in development, wr»ulr! seem to ho well worthy of 
mure attention than hjis been paid to it 
The lowei lip upjieaia Iat«), it seems to ongmate from paired rudh 
ments , but the slight papillie representing the maxillae <lo not entei 
into its foimatioii, for they flatten out and disappear 

The tharactonstic shape of the adult thorax, whoieby the ventral 
Mirfacc bearing the legs comes to be situated noarl}^ at a right angle to 
the head, is not assumed, as m e might have expected, until the adult 
stnictuie IS attained 

E\eti in the quite loniig uauphns the octo<lerm over the head ]*> 
ciuiously modified, the cells are large and jKissibly glandular oi 
cxciotory ni iiatuie They possess large nuclei towaids then liases 
and are much tallei than the ordinary ectoderm cells In the adult 
aniniul, these cells form a large patch oi or the head, the Kopfschild ” of 
Weisnmna (fig 2) I haie not detected anything else of the natuic 
of a “dorsal oigan,” luul I suggest that the alK)\eHleHcribed struttuio 
repiesents it 

As the youngest nauplius captmed was a frec^Bwimming creature 
with nimiy muscles, it might ha\e been anticipated that anything of 
the nature of segmental ccolom pouches, if present, would Iw much 
obliterated Most of the mescslemi vonsists of a faitly uniform sheet 
of cells lying on each side of the gut Postenorly the mesoderm is 
more abundant ami compact The musele<^ of the thoracic l^s aie 
formed from the Jmse of the mesoderm Iwnds (fig .1, B) The colls 



Via d.—A CroiB*«eetion of a young imupho* just behind the rudiment of l£nd 
amxlUa. The oxit-duot of the inaxtlliiiy gluid ivm be Been paming up into 
the dono'laleml eveUing. 

B. CroiB teotiou of a sUgfatly older ueuphus, it 1 b » UtUe poBtenor to A 
PUtoentiAttoii of end bbo and pert of gUmdular tube can be Been in the doieo- 
Utend fweUing 
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Mhtch will form innaele, arc cotimderabl^v laiger than the leHt of the 
ineHoderm cells and stain more deeply, they become arranged in 
parallel coi'ds By the arrangement of the pnmitnc muscle, the 
Hegmentution of the alKlomufi is tiuiiho<l out quite early in the life of 
the iiHuphus 

The cells Mhich mil fonn the heart, can be distinguiHhcd at an 
eurh penod In the thoranc region, tlie ilorsal portion of the moHcalerm 
1 Minds consists of two closely applied layers of flattened cells (tig 3) 
These lasers gradually grow up over the > oik sac, and those of one side 
meet their fellows of the other side in the mid-dorsal line Siqiaratiou 
of the two layers now nc(ura, and the sac thus formed is the licatt 
(figs 4 and 5) The pericardial space ongi nates U\ two proceshos- 



l! 10 4 —4 Ijongitadiiiftl Tertical section ihroufih the dowo hderat »weUiua , it is 
taken at ttomc distante from the mid doml line (see flg 2) 

U Similar se< i ion taken oloae ia the mid^domal lino 

(1) the gradual separation of the ectoderm from the heart-sac, and (2) the 
dismt^ation of the deeper layers of this thick ectoderm (fi^ 2, ^ 5, 
There appears to lie a definite floor to the pencardial space, consisting 
of flattened cells continuous with those of the heart (fig. 6, B), but 
the roof would seem to be simply the general dorsal ectoderm of the 
thorax. 
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The l>loo(l-coipu«clo» rtro kigc and fi'equentl^ aphencal I think it 
IN pro])Hhlo that they are budded off from the compact niOBodeim at 
the posterior end of the body, but it is >ery difficult to lie ceitUin 
nbont their ongin 



5 —\ Obliixui ly through Hit dorBO-Ialeml spelling of b 

&iet»u»oiihuB Tht mnxilliiry glami lian hriomo sharply diffuroiitiatrd from 
tUo imbedding ortodorm 

B Similar srction through uu uUUr nicUnauplius, tho spooe marked f lias 
de>o1o|Kd Tho spate * Hill soon boiHiiuo contmuous v\Uh the Hpmo arouud 
tho hoart 

In tho cailiest nanplins tibtaiiiod the gonad w quite definitely 
fomed AVithout doubt the generative celJs onginato exceedingly 
early, probably they could have been (listiriguished in the blasttwphcro 
atage ns Clioblion haa described in tho case of ^fouin The o\ary 
lieconies suiTouiidctl by a layoi of mesoderm, and the generative duct 
ftoems to be solely mesodermal The main mass of the mesodermal 
bonds liecomos coiivortod into the characteristic doubledayored fut- 
body lying on each side of the gut 

The origin of tho antennary and maxillary glands has very con¬ 
siderable morphological interest, and 1 have devoted much care in 
endeavouring to elucidate it* llio development of the maxillary gland 
mil be described first. 

On the lateral sides of the body of my youngest naupkiui, just poeterim' 
to the vertical plane passing through the second maxilla, the eotodemi 
li several layers Unck This thickening is more pronounced dorsaUy, 
and on surfaiee vimv of the nauplins we can see a distinct dorso-iateral 
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Hwelhng on each side In the lateral thickening of eotodom, a band 
of cells passes nearly vertically downwards to the papilla repiresenting 
tlie second maxilla The band will laicome the exit-dnct of the future 
gland 7 the band extends upwards into the dorso-lateral swellings 
mentioned above (dg 6 , A) It is out of these Rwclhugs that the rest 
of the gland l>ecomes differentiated 

Fig 3* B 16 a tross-soctioii a little posterior to A, and ih taken 
from a nauplius very sbghtly older Heie the endnsac c.in be seen 
\.iguely marked out from the surrounding ectoderm 
The lateral swelluigs contaimiig the developing glands gradually 
extend upwards, and after a time they meet together in the muklorsal 
line (fig 2) 

There is foimed simultaneously u deep transverse groove in front of 
the upgrowing swellings, and a loss conspicuous groo\ e occurs tiohind 
(fig 4, A and B) 

The overhanging portion of the ombyoinc carapace (fig 4, B) will 
1)0 earned backwards as the animal develops, and will, in the female, 
expand mto the free portion of the carapace o\crhangii)g the first two 
alalominal segments 

As the fused swellings (the embr 3 'onic carajiace) gradmdly extend 
liackwards over the dorsal surface of the thorax, the maxillary gland 
IS drawn out with them into the position and shape seen in the adult 
At the feamo time there is a general expansion of the parts, the 
maxillar}’^ gland begins to separate itself from the surrounding ectoderm 
(figs 2, 3, 4, and 5, t), and the space around the heart gradually 
increases There is also a certain amount of disintegration of the 
ectoderm where the dorsolateral swellings met in the middlo-lme 
The spaces marked * in figs 2,4 and 5 are thus formed, and ultimately 
they become continuous iivith the space around the heart 
Wo have already seen that this jiencardial space has a definite floor 
of flat mesoderm colls, but the roof would seem to be simply the 
ectoderm of the body-wall The exit-duct with the external opening 
travels upwards into a-dorso-latoral position, so that in the adult it is 
nearly horizontal 

In the matenal at my disposal it is not jiossiblo to decide for certain 
whether the antennary gland also arises from the ectoderm, but it is 
highly probable that it does so 

Vig 6. A, B, C represent throe stages in the growth of tins struc¬ 
ture The nuclei in the intracellular duct, mid connected ectoderm 
hare Ixam carefully put in the diagrams from actual sections, and their 
arrangement certamly gives the impression that the duct should he 
rogm^ as an ingrowth of ectoderm 
Fig. A represents the condition observed in the youngest naupUos 
The eadeac consists d fairly large cdb which are not very different in 
diaractw &om the cells forming the intracellular duct At a 
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latei (lute (fig B), the cells of the end sac ha^v e become smaller, and 
there is a more distinct basement membrane, they greatly lesemblo 
the (ells of the eiid-sao of the maxillary gland In an older nauphus 
(fig G) the iittracollular duct begins to disintegiato, but the end-sm 
\ emnins adlienug to the dorsal ectoderm for a ^ cry ronsidenible time r 
ho>\G^or, it disuppouis 



Fio 6—A The luitenimrv glnncl i»een m tmneveme sc(lion Ihi'oiJgli Uie ^uiiagest 
iiauphus at thf 1( rel of the Snd antenna 
B The iitno gland seen in a slightlf older nauplme The cclln oi the 
tud Poe UK* smaller, mid there is a more deltnite basement membrane 
C The same in an advaiuetl inetanauplius Tlie intracellular iluct im 
longer cominuni< atos with the end «ac 

According to those observations, the maxillary and possibly the 
antennaiy glands are purely ectodermal m origin, and the end-sac is 
to be looketl upon as merely a terminal thin-wallod dilatation of the 
glandular tulic At one time I believed that mesoderm crept up 
behind the maxillary gland (see fig 4, A), and formed the end-sac, but 
renewed observation convinced me that it is formed out of the ecto¬ 
derm in (hifct conUimit/ with the glandular tulie (see fig 3, B) 

It appears from recent observations that the nophridia of Chwto- 
pods should be regarded as ectodermal tubes which generally open 
into a cwlom, and sometimes may come into connection with a 
generatno funnel In a trochosphero {eg, in that of Polygordius), 
the “head-kiduej ” is probably budded off from the ectoderm, and 
since there is no cuslom into which it can open, the tube terminates in 
a rtightly dilated “ flame-cell ” 

Although coslom sacs are doubtless formed in the development of 
some Crustacea, yet 1 altogether failed to discover any traces of them 
the youngest nauplius of Leptodora that I have examined; and 
even in those cases where they have been desenbed, it does not follow 
that the antennary and maxillary glands enter into relationship with 
thei^ transitory ccelom spaces 
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If an octodurmal oilgin ckf the antouiiaiy nnd nuudllai'y glands be 
eonflmied in cnistacoa generallyt then we ahould be led to regard thebC 
structures as uophndia, u hich have lost their primitive connection with 
a ccelom, and the eud-sac would lie looked upon as equivalent to the 
‘flanie-tell” of a typical mtnicellular nephndium 
The al>o\o preluiuiuuy account, which has omitted all reference to 
the nervous system and sense-organs, is met*ely a Huininaty of the 
Vesults already obtainwl I hope in a future puhliuitioii to give a full 
account, ((nitammg careful drawings with the camera Incida 


'The (flowtil of Magnetism in Jion undiu Alteinatnig Magnetu 
Force" By EnvKsr WiL«iox Coiunnmicato<I bj PiofeKsoi 
1 M THOMSO^, FRS Iteooived February 23,—Road Marcli 
28, 1001 

The object of this ]Uper is to investigate the growth of magnetism 
111 an iron cyiuider when the magnetising force is alternating The 
shielding effect of induced cunents in plates of iron has boon dealt 
with theoretically by Professor J J Thomson,* and Professor J A 
Ewing t Tlie subject lias also been dealt with experimentally in the 
case of an mm cylinder, 4 mehes diameter,with alternating mag- 
flietiBing force and with simple reversal of the magnetising force A 
cylmder, 12 niches diameter, has been experimented upon with simple 
reversal of magnetising force,^ and the shiehbng effect of induced 
currents studieil As the exploniig coils enclosing elements of the 
(CroBs-section of this 12-inch magnet arc well suited to give the average 
induction density at four moan ladii, the author thought the subject 
w'orth further investigation with regard to alternate currents The 
iiuagnet is .of lOast steel, and is shown in sectional elevation in fig 1 A 
section of the 12 inch core on the line AA is given in fig 2 Wires 
have been thieaded through the holes drilled in the plane AA, 
enclosing the areas numbered 1, 2, 3, 4 (fig 2), and another coil 
i(No 5) surrounds the coie AlTArsonval galvanometer was phiced 
m each of these hve circuits with an adjustable resistance to control 
the maximum <leflection The deflections of the needles of the fi^ve 
galvonometoiR were noted simultaneously every four seconds^ and 
were ultimately plotteil m terms of time The magnotiBing current 
in the copper coil of the magnet was observed simultaueously with the 
above on a Weston ampere meter The current was made to atternate 

* TU« KlflcfeHciau,’ vol 28, p SdO^ 
t <Tho iCleotniuin, vol 28 p G81 

t HopkinflOED and Wil«on, * Phil Tiwas * A, vol 186 (ISdS), pp eH-tei 
4 Hophnsien ml Wilson, ‘ Joiunal of tlu> lust. Elee vol. 24, p 108^ 
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ky means of a hqiud (O 11 SO 4 diL) rererser oot&siBting of two oppositely 
hxed copper plates, eacb embracing a quadrant of a cirdei and two 
smularly shaped copper plates iixed to a vertical spindle and capable 

Ktg 1 



of rotating oonoentncally witbm the fixed plates. The operator at 
tide liquid revemer counted seconds aloud whilst lutening to the ticks 
^ a secoodi pendulum. In this way the epoch for all the observa* 
V(WU LXVni. R 
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tiow oould l>e noted. Hie epeed of rottf^km vee veried, from one 
revolution in ten to one revolution in two «nd a half minutee. 

The electromotive force curves have been integrated, and theretrem 
the maximum Average induction per sq cm of the area considered has 
been obtained The data are set forth in the appended table. Since 
similar magnetic and electnc events will happen in different used 
cylinders at times varying inversely as the square of their linear 
dimensions, it is easy to infer what will happen in a cylinder 1 mm. 



I'm. 4 





diameter. Similai events wiU bappeii m this wire at 160 periods par 
second, as have been observed in the 12*tnch core with a penocBe 
time of ten minutes A useful way of lUnstratuig tho results obtauwd 
is to express in the form of curves the relation between the maxi¬ 
mum average B over Area No 4, that u, near the surface of tiie core, 
and the percentage amounts by whudt this maximum has to be xeducod 
to give (1) the maximum average over Area No. 1, and (8) the maxi¬ 
mum average over the whole core as given by eoil No. & Hus js 
done in figs. 8 and 4, in which the number on each ourve reftM to lito 
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SuiqioBe A transformer core to be built up of 1 mm* viree^ x>r ^ mm 
plates, insulated from one another, the transformer being in action 
vith no currents in its secondary circuit The reaction of the coto 
upon the pnmaiy or magnetising coil ill lie the rate of change of the 
average induction over the whole core The average nidaction per 
sq cm of H particulai wire or plate will didcr from the induction per 
sq* cm at the surface of such wure or plate by an amoimt varying with 
the frequency and with the value of B at the surface For high and 
low % allies of the surface B and a given frequency the average over the 
whole WHO or plate differs less from the ma\niium at the suiiiioo than for 
intermediate values of the surface B The relation lastweon the jicrmc- 
libihty of the iron and the rate of propagation of magnetism in the iron 
has been explained in the case of simple reveisals,* and agrees with 
what W6 have just oliserved. When the limits of B are small, that js, 
the permeability is small, the magnetism is propagated rapidly Foi 
mtormcdiate values of the limits of B, that is, when the average 
jiermeabihty is large, the rate of propagation is small. With the high 
limits of B the average permeability is small and the magnetism is 
propagated more rapidly. Sotting aside the subject of magnetic 
viscosity, we should expect the average B over the whole wire or plate 
to be equal to the surface B if these induced currents did not exist 
The curves show that for a given fiequency there is an effect whioh 
increases the extent to which equalisation of the induction density over 
the core may be earned according as the maximum limits of B at the 
surface are on the lower or higher part of the curve of induction of the 
material The dissipation of energy, duo to magnotio hysteresis ana 
induced curients, will hkewise be affected since uniform diBtnbution 
gives minimum dissipation for the same maximum average induction 
over the whole core. 

Not only have we to consider the maximum value of the mdiustion 
density at different parts of the core, but the phase of such induction 
density It is not necessary to publish all the curves obtained, but as 
an example one might contrast in figs. 7 and 8 the curves of E M.F 
obtained with periodic times of 10*3^ and 2^6 minutes for about the 
same maximum magnetising force, namely, 9 6 and 9 5. In figs. 7 apd 
8 the E M.F curves are plotted to a scale giving C G,SL units per 
sq cm, of the area embraced by the respectn e coils, the curve number 
corresponding with the cod number in fig 2 With 10 minutes’ 
penodic time the induction is practically reversed over the whole ccare 
by the time the current has attained its maximum value ; whereas 
with 2*6 minutes’ periodic time the current is again xero when the 
innermost coil (No 1) is experiencing its maximum E.M.F. In the 
first ease nearly the whole of the change for each coil aids the average 

* Hopkioaon sod Wilton, * Journal of ^hs last, Kleo. Bag,,* vcl. S4t, p* 196* 
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(No 6) E M F. In the seeond cue the wreu incloeed by Noe. 1 and 
2 coils ox)pom, end the average suffers accinrdingly. 

It is of interest to see what effect raising the temperature of the 


Via 8 



tnaguot would have upon theu induced currents. The magnet ww 
hei^ by idaoing Fletcher gu fumaeu around it. The feast WM 
applied for aibout hours, and the magnet allowed to cooL Ifee 
elsotrioal neiatsnoe of the No. 1 cdl wu measured, and when it 


Iron under AUerwdin^ Httgudk Wane 22fi 

became steady, indicating a temperature of about 63° C., two seta of 
ourret were t^eii The points obtained with the heated magnet an 
udioated by Q in figs 3, 4, 5, 6 In fig. 9 the curves obtained at 


Fm 0 



63* C with a maximum magnetuiug force H of 8 65, and periodic tune 
2‘6 mmutes, are given in order to enable a comparison to be made 
with fig 8 It will bo seen that ooil No 1 has an E M.F somewhat 
retarded at the higher temperature. The EMF of this eod also 
suffers retardation of phase in the experiment with the lower force 
2*85, when the magnet is at the higher temperature. 

Heatmg the magnet has had the effect of moreasing die maximum 
average value of B at the centre for the same frequency and slightly 
smaller magnetising force of the same wave-form. The relation 
between the surface density (No 4 coil) and the average obtained from 
coil No. 6 remains practically the same. In this connection it should 
be remembered that for the same average over the whole core, a con- 
ehterable increase in the induction density at the centre is o(»u- 
pehsated by a small decrease at the surface It appears, then, that 
raWng the temperature of the magnet tends to equai^ die maxuniun • 




Mftxininm aferage Induction per sq cm in C d S units. 
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mductioii density over its section On account of the increased lag of 
phase of induction as the centre is approached, the nmxunnni avorago 
over the whole core is not matenally altered for the same surface 
don8it\ The foroe due to the current in the magnetising coils is 
smaller at 53'" C for the same maximum average induction density 
over the whole coie For a given permeability and hysteresis loss the 
higher the specihc losiHtance and temperature cocfhcieut the better 

It should he men turned that the potential diHerenco employed in 
those expenmentH was 200 volts, the excess o\er the magnet and 
liquid roverser being taken up by non-inductive resistance The area 
taken for each cod is the actual area of non in the plane of section, 
hg 2. The areas Ukeii foi cods 1, 2, 3, and 4 aie 19 8, 8 4C5, 19 8, 
au<l 21 16 sq cm ics^iectivol} If, instead of these, we take the areas 
bounded by the centre linos of the |-inch holes, the diminution of 
induction density would be «30 6, !>2 i, 30 6, and 22 pel coat respec- 
tncly The true couectioii will not alter the general conclusions 
ainviMl at in the papoi, and is a function of the permeability of the 
iron The figures in the table in italics are tho result of ta^ng the 
increased areas, so that a comparison can be mmie 'The D’Arsonval 
galvanometers used have slightly difleront dead-lieatness The least 
and must dead-lieat instruments ivere placed in senes m the No 1 
circuit, when tho changes of E M F were most rapid The instruments 
ga^e the same result within the limits of error in observatioii. A 
vanable still to lie dealt with is the waic-fom of the magnetising 
currents 

I wish to express my thanks to Mr Wm Marden for tho assistance 
he has given mo m tho woik connected with this paper Mr F, S, 
Kobertsoii, Mr Nunes, and Mi Browne have also helped me To 
these gentlemen I tender my thanks 1 have also to thank Messrs. 
Elliott Bros for tho loan of three out of the five D’Arsonval galvano¬ 
meters used in the experiments The experiments were made at 
King’s College, London. 
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** On Uio Electrical Conductivity of Air and Salt Yapours.’* Jly 
Habold a. Wilsok» D.Sc » M Sc , B A, Allen Scholar, Caveu- 
dijsh Laboratory, Cambndge Ccunmunicated by Professor 
J J Thomson, F.E S. Heceived March 14,—Read March 28, 
1901 

(Abstract) 

The exponmenta descnbed in this paper woie undertaken with the 
object of obtaining information on the variation of the conductivity of 
air and of salt vapours with change of temperature, and on the maxi¬ 
mum current which a definite amount of salt in the form of vapoui 
can carry. They are a continuation of the two researches* on the same 
subject published in 1899 

In the paper on the Electrical Conductivity and Luminosity of 
Flames {loc a/) some oliservations on the variation of the conductivity 
with the temjiorature at different heights m the fiame are given 
They indicate a rapid increase in the conductivity with nse of tem¬ 
perature 

The method employed m the experiments descnbed in the present 
paper was the following — 

A cuirent of air containing a small amount of a salt solution in 
suspensiori in the form of spray was passed through a platinum tube 
treated ui a gas furnace, this tube served as one electrode, and the 
other was fixed along its axis The temperature of the tube was 
measured ly means of a platinum platinum-rhodium thermo-couple, 
iuid the amount of salt passing through the tube was estimated by 
collecting the spray m a glass-wool plug 

From the temperature variation of the conductivity the energy 
required to produce the ionisation can be colcubted^ and this com¬ 
pared with the energy required to lonnse liodies m solutnms. 

Since the pubhcation of the researches just referred to, several 
papers! on the conductivity of salt vapours in flames by Dr. E. Marx 
have appeared. The first part of the present paper contains a 
discussion of some of Marx’s conclusions, which bear on my jirevious 
work. 

The rest of the paper is divided into the following sections 

(1 ) Description of the apparatus used. 

s *> Xlie Electnoal ConduoSivily sad LanunetMy of Flames ooataining Veponoed 
&»\ur hj A BmiChells, H K Pawfon, and H A. Wilsen, * Phil Tfatis A, IWi 
** On the Slentruial ConduobTity of Flames containing Salt Yapoan,** by Harold 
A Wilson, * Phil TransA, 1899 

t ** Ueber den PotenbUlfiiU und die Dissoolstion in FlammengMen/' Yon EvieH 
Marx, * Gesellsohaft der Wissensohoften sa Gdttmgen,’ 1900^ heft 1 j ' Aanslsn 
der Fhysik,* 1900, No 8. " UeberdaeHell’sohe Pbanomen in FlammeDgaieD,”Ton 
E. Maa^ * Annelen der Pliysik/ 1900, No. 8* 
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^2) Vanatioii of the eurrent vith the E.M.F 

(3) Vanution of the ciurent through air with the temperature. 

(4 ) Variation of the current through salt vapours with the tcm* 
peiaturo 

(5 ) Hummary of results 

The relation beta eon the current and EMF in airu'as found to 
<l6pend very much on the direction of the cuiront When the outei 
^ectrode was negative the current attained a saturation value with an 
E M F. of about 200 volts, but when the outer tube was positive it 
increased rapidly with the current, oven with an E M F of 800 vdts, 
ao that a much gi eater £ M F would be noc*eBsary to produce satura¬ 
tion, that 18, assuming that saturation can bo pro<luced at all 

With salt vapours the relation between the current and EMF was 
not much affected by loversing the curient The current was always 
greater when the outer tulje wfis negative, the reverse being the case 
with air alone. At low temperatures the cm lent attained a saturation 
value, but above 1000'’ C it was found to mcioase more nearly pro¬ 
portionally to the E M F 

The vanation of the current at constant £ M F with the temperature 
for air was found to be approximately capable of being lepresented by 
a formula of the type C where C is the current, 0 the absolute 

temperature, and A and n constants The constant n depends on the 
E M.F. used With 240 volts it was 17, and with 40 volts 13. The 
eurrent, theieforo, does not begin suddenly when the temperature is 
raised, but always increases regularly with the temperature, so that the 
lowest temponiture at which the current can be detected depends 
entirely on the sensitiveness of the galvanometer. 

The energy reqmred to ionise 1 gramme molecular weight of air was 
estimated by supposing that the fraction of the gas dissociated mto ions 
is proportional to the current at small E M F’s By means of the 
ordinary thermo-dynamical formula giving the variation of the disBociar 
txon with the temperature, the energy iii question can then be obtained. 
The result for aar is 60,000 calories between IGOO"* and 1300" 0. This 
amount of energy is of the same order of magnitude as the energy set 
free when H and OH ions combine to form watei in a solutiicHi. 

The relation between the current and temperature for salt vapours 
was found to be rather complicated. With KI, using an E.M F, of 
800 volts, the current had the following values (I 10"^ ampere):— 

Temperature . . , 600" 600* 700* 800“ 900" 1000* 

Current . ... 0 7 1 8 3 0 4*0 4*5 4 0 


Temperature ... . 1100" 1180" 1200* 1300’ 
Cunent. 3*5 3*6 7*0 7*0 
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Using HU K M F of 100 volts, the following values of the current 
wore obtained (I =* 10"*® ampere) ~ 


Temperature 300" 400" 500’ 600' 700" 800“ 

Current 02 19 5 1 54 55 55 


Tempeiatuie 900" 1000" 1100 1200 1300" 

Cm rent 65 5 3 68 82 9 2 


Thus the current has a maximum A’^aluo noai 900 C , and rises veiy 
lapidly near 1150" Similar results Aierc obtained Avith other suits 

The energy required to ionize 1 gramme molecular av eight of KI at 
a1x>ut 300" C was estimated to be 15,000 calories in the same way as 
WHS done foi air 

The maximum current earned by the salt Aajxiur (at 1300" witli 
800 volts) was found to Ikj nearly equal to that required to electrolyse 
the same amount of salt in a solution. 

This fact must be legarded as considerable evidence in favour of 
the Aiow that the ions aic of the same nature in the two cases 


** Fuitliei ObseivatioiiH on No\a Pemu, No 2 ” Ily Su Nuuman 
Iahjkiku, KCli, F.ItS Iteceived hikI Kead March 28, 
1901 

In continuation of two previous papers, I now bring the olwervations 
of the Nova made at Kensington to midnight oi March 25 Since the 
last paper* of Manh 7th, estimates of the magnitude of the Nova 
have been made on ten evenings, visual observations of the spectrum on 
eight evenings, and photographs of the spectrum on four evenings up to 
the evening of the 25th 

In consequence of the greater faintness of tlio Nova, the 6-inoh 
pruiinatic camera has not been utilised, but the 10-inch refractor to 
which it IS attached has lieon used for e>o observations of the spectrum 
with a McClean spectroscope 

With the 30-inch reflector four photographs have been secured on 
the evenings of the 6th, lOth, 24th, and 25th by Dr Lockyer, and with 
the 9-inofa prismatic reflector seven photographs on the nights of lOt^i, 
21st, and 25th hy Messrs Butler and Hodgson. 

Cfumgeof BrujhtnenH 

Since March 5th the magnitude of the star has been gradually 
decreasing, but between the nights of the 24th and 25th the hf^ il 

* p. 142 
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the Nova decreased very suddenly, dropping from 4 2 to 5 5 in twenty- 
four hours, and becoming only just visible as a naked-eye etar 
The following gives a summary of the eye estimates made bv 
(1) ])r Lockyer, (2) Mr Fowler, and (3) Mr Butler — 



(i) 

(^) 

(3) 

Miinh 3 

2 7 

2*7 

— 

6 

2 9 

— 



— 

3 5 

3 5 

10 

3 7 

— 

— 

11 


— 

<4 0 

12 

— 

3 8 

— 

21 

— 

4 0 

4 2 

22 

— 

— 

_ 

23 

4 2 

4 2 

4 5 

21 

4 2 

4 2 

4 5 

25 

1 5 

5 5 

5 5 


( ViW/ 

The colour of the Nova has uudeigono some distinct changes since 
the observation on March oth last, when it was shining w^ith .i clarotj- 
ro<l hue On the 9th .in<i 10th it was observed to 1)0 much rodder, due 
piobably to the grciit development of the red C line of hydrogen 
On the 23rd and 24th, the star vas noted as yellowish-red, while on 
the 2r3th (after the sudden drop in magnitude) it Mas very red, Mith, 
prhaps, u yelloM tinge 


The Specinim 

Since Maich 5th the spectrum from C to F has liecome very much 
fainter, the bnght lines of hydrogen lieing relativ ely more prominent 
than they were before, indeed, C and F throughout this period have 
been the most conspicuous lines, especially the former, while the bnght 
linos AX 5169, 5018, and 4924, and the hue in the yellow near D, were 
lihe most prominent of the others 

All these lines have been gradually becoming weaker, but there is an 
indication that X 5018^ has been bnghtemug relatively to X 5169 

Accompanying the groat diminution in the light of the No\a 
observed on the evening of the 25th, the spectrum was foiuid to have 
undergone a great change the continuous spectrum had practically 
disappeared, and a line near D (probably hokum, Da) became more 
distinct. The other lines were hardly visible. 


* nia line naur this wsra-length m later obiemtiims u piebably the ehiaf 
iiebate line 6007, which ooooanti for the apparent hngbtenhig of 6018 
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The Ph^egmphic Spet^nm* 

On March 6th the photographs were veiy similar to those ohtaiiiecf 
in the earlier stagesi the only iq^rent differenoo being in the relative 
intensity of the bnght hydrogen lines as opposed to those ha\ing other 
origins, most of which have been shown to be probably due to iron and 
calcium The hydrogen linos have sensibly brightened, while the others 
hnie liecome much feebler 

The photograph of Alarch 10th shows a further dimming of the 
bnght linos other than those of hydrogen 
On March 25th, when the next good photograph was taken, the 
s|iecttuni had undergone greet modihcations The hydrogen lines aie 
still lery bnght, though they do not show the structure wluch they did 
in the photographs taken between February 25tb and March 10th. 
The bnght linos other than those of hydrogen, which are seen in the 
earlier photographs, ha\e now disappeared, and other lines become 
visible The continuous apootrum has also greatly diminished 
Ajiproximate determinations of the wave-length of these now linos 
have been made by Mr, Baxandall by comparison uith lines of known 
wHAo-leiigth 111 the spectra of aaiidcPersei photographed with the 
same uistnunent They are as follows — 

X 

3870 Broad, and merging into Ht (3889) 

4367. Weak. 

4472. Not \ery strong Probably helium (A 4471 6) 

4565. Weak 

4650 Very strong broad line Possibly the 465 hue of the bnght* 
line stars and the Iiolt stars of Onon 
4690 Moderately strong Possibly new hydrogen (A 4687 88) seen 
in 1)nght-lme stars and some Onon stars 
471 Weak. Probably helium (A 4713) 

The hydrogen lines in the spectra are Hf, He, HS, Hy, and 
The Imes at A 3870 and 4650 aie perhaps identical with those 
olwerved b}^ von Gothanl* in the spectrum of Nova Aungse after it 
had liecome nebulai, but associated with these lines in his record is Uie 
chief nebular lino at 6007, no trace of which is yet visible in the photo¬ 
graphs of the spectrum of Nova Persei On the other hand, H/9, 
which IS the brightest hno m the present spectium of Nova Persei, 
does not appear at all in von Gothard^s spectrum of Nova Aarigte^ 

GharaekrvUm of (he Hydrogm Lme. 

In my former paper I referred to tibe structure of the broad bright 
lines oi hydrogen A more detailed exommathm of the lines as pih^o- 
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graphed on aeveral oveningn showe that this Btruetore has been uit<inr» 
going changes 

The annexed figure (fig 1) gives light curves showing the variatio« 

FEB ee 




Fie 1.—Liffht ouTTf of (6 mch ob jeotiTo priim) 


in the loci of intoniuty of the line aa photographed with the 6-uich 
prumatic camera These curves were plotted by Messi's. Baxaudall 
and Shaw independently of each other, and I have satisfied myself of 
their accuracy It will bo seen that on February 26tb there were three 
points of maximum luminosity, the two maxima on the blue side beipg 
of equal intetisity, and greater than the third on the red side By 
March 1 the centre one had been greatly reduced in intensity, and on 
the Srd it had been broken up into two portions, thus makmg four 
diatinot maxima. 

Bough measures made on the relative positions of these points of 
maxima show that the difTereueo of velocity indicated between the tw» 
msteraal maxima it neatly 1,000 miles per seemid, white that between 
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the two inner maxima » 200 per second We thus have imhoations 
of possible rotations or spiral movements of two distinct sets of 
particles travelling with velocities of 500 and 100 miles per second* 

A similai examination of the F and (t lines of hydrogen in the 
photographs olit^uned with the 30*iuich rotluctor has also been made by 
Dr Loekyoi, and the light curves for the G line are hero illustrated 
(fig 2) In this longei scries the most important point comes out that 

• “ ”” ”* 



• ‘ /]P^ 

• ” /V\ 

Ji JO j "liiglil' I urre of Hy (80 inch nflootor) 

the mAXimnoi intensity changes from die more to die less refmngiUe 
side of the bright hydrogen line 

The small dispersion given by the 30>inch prevents some of die 
detaik recorded by Messrs. Bsxandall and %aw from being seen, 
fio far as the observations have gone, they steot^ sa^iert, in tty 
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opmoHi the new I put forward in 1877 that “ new stars " are produced 
by the clash of motooivswarms, and they have suggested some further 
tests of its validity 

We may hope since observations were made at Harvard and Potsdam 
veiy'^ near the epoch of maximum brillianoy, that a subsequent complete 
discussion of the results obtained will very largely increase our know¬ 
ledge The interesting question arises whether we may not regard the 
changes in spectrum as indicating that the very violent intiusioii of the 
denser swarm hiu9 been followed by its dissipation, and that its passage 
has produced movements in the sparser swarm which may eventuate iii 
a subsequent condonsation 

My best thanks are due to those I ha's e named for assistance in this 
inquiry 


“ Elastic Solids at Rost oi in Motion in a Liquid ” By C Chkeb, 
Sc D, LLl), F R S Recened November 19,—Road Decem¬ 
ber 13, 1900 

g 1 The prolilema dealt with in the present paper are probably of 
little practical importaiico ^ but they seem of considerable intoost 
from the standpoint of dynamical theory The hard aiid fast line 
which it IS customary to <]raw between Rigid Dynamics and Elastic 
Solids has been discarded, and a more direct insight is thus obtained 
into the modes of transmission of foico iti solids 

Let us consider a solid of any homogeneous olastio matenal, possessed 
onl^ of such symmetry of shape as will ensure that if it falls under 
giavity in a liquid, each element will move vertically Take the 
origin of rectangular Cartesian co-ordinates at the centre of gravity, 
the axes of x and y being horizontal, and the axis of z being drawn 
vertically downwards* At time Met ^ bo the depth of the C.G below 
a horizontal plane m the liquid, the pressure on which is uniform 
and equal to 11 The existence of gaseous pressure on the liqmd 
surface would only contribute to II without modifying the general 
conditions of the problem 

Consider first the elementaiy bydrostatical theory, according to which 
the liquid pressure at any point a, y, z on the surface of the sohd acts 
along the normal, and is equal to 

where p'»the density of the hquid, supposed uniform. 

If solid fall or nse very slowly, and the viscosity of the liquid 
is very small, the results based on the bydrostatical theory ought to 
give 1 ^ close approximation to the truth 
voi^ xxvm. a 
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HoL^P^y represent the elastic tlispIacemeDts, stm, xy^ &c , the stresses 
in the notation of Todhuntcr and Pearson’s * History of Elasticity/ 
the body stress equations are of the tj^pe 

dxz (hz d^a, 

~dx'^~dy ^ ^ dti “■ ®’ 

dxy dyy dr 1 /i\ 


dxm dyz ib:^ f ^^(f+'y)! ^ 


’IHt+yV 


where /> represents the density of the solid, y the acceleration of 
gravity 

The equations treat r, v* ' as constcints for each element of the 
solid, and so assume that the motion, if motion takes place, is 
purely translational 

If X, /i, V bo the direction cosuieK of the outwardly directed normal 
at a point r, v, z, the surface equations are 

(Xarx + /4ary+rrxr)/X — (A#^4 /JiVV + « (Xtz + fiyz + vzz)lv 

»= - II -yf)(C+z) (2) 

The equations (2) arc satisiied by the assunipiion 

^ - 'I ^ 1 

^ ^ ^ ^ } (3) 

xy jrz ^ yz ^ 0 J 

Also the values (3) satisfy the body stress equations (1), provided 

d^a, 


We can satisfy (4) by assuming 

•Py n 


f «“ const + Jj/ /* 


For brevity, the constant m (S) will be supposed to be sero. 

The result (6) is of courae that given by ordinary elententwy 
methods for the accelerated motion of a solid rising or falling in a 
liquid of different density. 
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On looking more closely into the matter an inconsistency manifests 
itself* Supposing for mathematical simplicity that the solid is 
isotropic, of bulk modulus wo find that the displacements answei- 
ing to (3) arc given by 

a!x - /5/y - -{n + |7P(f+^)}/3A, 

y - + + + 

The inconsistency consists in the fact that, by (6), a, )3, y contain 
terms m and so by (5) teims in wliilc above it was assumed 
that d-a/rf/®, ^ c, vanished It thus appears that the solution embodied 
in (3) and (6) is valid and complete only when f docs not vary as 
t e , only when the solnl is at rest or moving with uniform velocity in 
the liquid 

Though thus regtnetod, the solution is notable from its simplicity 
and generality, as applicable to any homogeneous solid (free from 
cavities) at lest in a liquid of equal density 

The values (3) for the stresses apply irres^icctive of the species of 
elasticity The displacements are given by (C) only when the matcriiil 
is isotropic, but corrcHponding cvpressions are immediately obtainable 
for materials of greatei complexity If for instance we have material 
symmetneal with respect to the co-ordiiiato planes, we have 

aw + + 

P ma -y{n+yp (f + sr)}(l-qsi -T/,3 )/Es, 

+ iilp {]^ (^ " ^13 - ’?13) + ^(1 " V21 “ V:”i) } 

Here Ej, Eg, Ea are the three pnncipal Young’s moduli, wlule 
»?i 2 i Viif I tke corresponding Poisson’s ratios 

§ 2 Presently we shall consider the equilibrium pioblem in gi eater 
detail Meanwhile, m the case of uniformly accelerated motion, we 
shall obtain u self consistent solution for a sphere, or any form of solid 
ellipsoid, under the conditions assumed in § 1* 

The procedure to bo adopted is the same foi all species of elastic 
material. If for definiteness we suppose the material symmetneal with 
respect to the throe co-ordinate planes, we first assume that the 
stresses (3) and displacements (7) form pait—but only port—of the 
complete solution, { being given by (5). Then substituting from (7) 
in Ae body stress equations (1), we find that the stresses of the 
mpplmentanj solution, as we may call it, must satisfy 
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where 


djx dxy /iov; 
dx d^i ^ dz 



dxz dyz 

■rfT'^'Sy ■'■^ 


-Ppas, 

-Qw^. ■ 

-Ep: 


Pp = (/V (.p-p){^-vi3- W/®i« 
Qp = 5- V (p - p') (1 - t;2i - r}ji)lhi , - 
Pp — !/V (/' ~ P) (1 ’/»l “ 


(8). 


(») 


The surface equations to bo satisfied by the supplemontary solution 
are 

Xax-i-firy + in =* Xnf-^fiyy+vyz jb Xjcz + fii/: + v;:z — 0 (10) 

The problem thus resolves itself into that of tan ellipsoid acted on 
solely by bodily forces dern able from the jiotontittl 

J(P^-’ + Qy« + R:«) 

This problem was solved by me in 1894 for isotropic* materials, and 
m 1899 I extended the solution to ssolotropict oliipsoida We can 
thus denve a satisfactory supplementary solution from the sources 
specified Finally adding the sti esses of the supplemontary solution 
to the stresses (3), and the displacements to the displacements (7), we 
have a consistent and complete solution of the problem presented by 
a heavy ellipsoid in a homogeneous liquid, when the action of the 
liquid IS supposed that given by elementary hydrostatics 
§ 3 The supplementary solution, though simple in type, contains 
terms which are of great length when the ellipsoid has throe unequal 
axes, and is of a complex kind of seolotropy It will thus perhaps 
suffice to select for illustration the simple case of uii isotropic sphere of 
radius a 

Denoting Young’s modulus by E, Poisson’s ratio by Vi n^d writing 
fa for a;® + y- + we have in full 


* *Boj 8oo Froo/ toI 68, p. 89i * Quarterly Journal of Pum andAppUsd 
Bfrthsmatiea/ Tol 27, p 888. 
t * Ounb Phil Soo Traaa./ rol 17. p 801. 
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-n-gp’{s+yp^t?^ 

p 

- (1 +3v)(y* + «^)}. 


P* -n-(jp'{z+yP7^pt^) 

2 - -Il-gp'{, + yP^l^) 

r 

+'^*'’YoE(1-V) ‘ 

j^/ry » 7^/jrz = p/y. ^ -g-pip- p')(l - 2*/)=- {5E(1 - »/)} 

./>■ - (8/, - - —jr2in+j,'(=+j9^’‘=)) 


r - - i^{n*+5p'--('+!»'^0-te/>''’) 

* '^'''te?F-.,) ^‘ l(3-v)«’-(i +8)^) 


«x 
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( 11 ). 


( 12 ). 


The terms in y^ constitute what has been called above the supple¬ 
mental y solution 111 the case alike of the stresses and of tlie dis- 
plaocmonts they aio exactly the same as if the sphwe were under a 
self-gravitativo force which followed the ordinary gravitational law, 
and which had for its accelerative value at the surface of the sphere 


tlip'{p'~p) l-2ti 

p ~W 


a 


Tins imaginary gravitative action represents attraction or repulsion 
between elements of the solid according as f» - />' is negative or posi¬ 
tive It IS thus an attraction when the sphere rises m a heavier liquid, 
a repulsion when it sinks in a lighter The smaller 1 - 217, or in 
general the less compressible the solid, the smaller is the effect of this 
imaginary gravitative force relative to that of the hydrostatic pressure 
n •f gp'(iii+ 0 i relative unpcntanee increases 

mindly with the size of the sphere 
Bs^resenting by dashed letters the parte of the diqdacements 
dependhi^ on p - p', we have 
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« 7 * “ Ply “ vV* 

" ~ [ —sir■ **] 

At tho very begiiniing of the motion, the oxpreaaion inside the square 
bracket is positive for all values of r, but as i increases it changes 
BigHi first at the surface, last close to tho centre of the sphere If (at 
(a represent the distances fallen when the expression vanishes at the 
surface and at tho centre respectively, wo have 

Ca/U = 

fo/« « {3--o])g(j>^p)al30k 

Unless a is enormously laigc, and Co must be extremely small for 
any ordinary elastic material 

In reality, in ordei to bo instantaneously at rest, tho sphere would 
require to bo suppoi te<l or acted on by sume bucldonly Bupjiressod force, 
or to bo in the act of roAersiiig some proMotisly iinpreBsed motion 
The elastic strains and stresses might initially retain the impress of 
tho pre-existing state of matteis, and there aie thus special sources of 
imcertainty affecting the applicability of (H) to actual conditions, 
which should not Im lost sight of 

§ 4 The problem just coiisideied has been ad\ancod as showing how 
under a consistent dynamical system, producing uniform acceleration 
in a straight line, there appear elastic strains and stresses which simu 
late the action of Bolf-gravitation in the material in motion The 
conditions postulated do not answer exactly to what happens when a 
real solid moves through real liquid at the earth’s surface lender 
such circumstances tho action between solid and liquid is not fully 
represented by the hydrostatic pressure If tho fluid )>e “ perfect,” 
ordinary hydrodynamical theory* gives for the pressure p on the 
BUI face of the sphere, supposing u the velocity, 

P - H + fl'/>XC+^) + pXi««Pi + 3w-Pa-iu®) . .(15), 

where Pi, are ssonal harmonics, whose axis is the vortical diameter 
Wo shall now consider this case, on the hypothesis that tho velocity u 
so small that terms m are negligible Instead of (3) and (G) we 
find for the stresses and displacements, tho material being supposed 
isotropic, 




• C/ Lamb's * Hjdro^ynamies,* Art 91 
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Instead of (4) we have 

VUo u = dKldl\ 

thiui, if d-yidfi be omitted, we ha\ o 

-= 9{p-p)> 


or ( ^ constant+ i<7 , (Id) 

This IS, of course, only the noil known insult, that tho dynamical 
action of tho li([Ui(l nm\ bo regaidod us udcliiig to the mass of the 
sphere that of a honusphoie of the liquid We may suppose the con¬ 
stant in (18) tolxj zero, suitably nituprctiug 11 

As in tho first case consideiod, the existence of m C atid, conse¬ 
quently, in a, /i, y, makes a snpploineiitury solution necessary Tho 
stresses of tho supplementary solution must satisfy the surface equa¬ 
tions (10) as well us tho following body stress eqiutions 



£;\ / ^ _ 1 2j-pp{p - p) 

^dx ^ d]}^ dsjI ' ~ E 2p + p' 


, ( 19 ) 


It Will be olisorved that the retention of tho tenn in u in the pree- 
suro has only modified (reduced) tho acceleration without altering the 
typo of the supplementary solution It will thus suffice to record the 
complete expressions for ^e displaoemoiitB, viz , 


a/sr - Ply 



Sgpp’s 

2p+p' 


^ 2p+p' J 


1-S»j 

y “ —IT 




( 20 ) 


* Cf Lamb's * Hydrodyoamic^' Art 91 1 or Basset’s * Treatise on Hydro 
dynomicV Art. IS2 
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In obtaining this solution ha\e nogleoted terns in u*, t r, term 
in (d(jdff or g^fiip-pyiifi + in the expression (15), while there 
appear in the solution terms containing gH\p - p')/(2p + p') Thus 
our work is consistent only when (p - p')/p is small, and even when 
this IS the case the fact that increases ns uivohea a restnction 
which should not be o\oriookoci Tt would not, I think, be a very 
difficult matter to obtain a complete solution answering to the full 
value (15) of ^ Treating at hist as a constant, we could at once 
write down, from my general solution* for the isotiopic elastic sphere, 
the displacements Hnsweiing to the sui'faie pressure ^p'7^^(3p2 -1), 
but the explicit determination of the coi i esponding supplementary 
solution would bo much more laborious than in the first case treated 
above. 

§ 5 When p' and p aio equal, and tir is thus really constant, the 
complete values of the stresses and displacements answenng to the 
surface pressure (15) are as follows — 


« - - II - gp’is+ut) + Ipui +1 [(7 + 2,)a« 

+ 3v(tJ+6,s)-3(7+6q)**], 

yy = - II - gp'(a +«I) + + f [{7 + 2ij)o® 

+ 37(6x*+y*)-3(7 + 6,)**],l 

( 21 ), 

« = - n - y/j'(« + ui) + - 2 Y~^ [2(7+2ij)a> 

- 3(7 + »;)(**+y*)+6i}»*], 

^ «■ -9/>'«Vyrt“*-[2(7 + 5v)], 

«/!M «« ^/ya « 9/»'«®»/a-s-[4(7 + 5v)] 

a/x - /?/y « “--jjj—[lI-i/i’«*+y/»’(^+«I)] 

Ir - 67(^+y*) - 3(7 - 8,)**]. 

i-2« 

" ^ 3(7 - 6i,)(4!»+y*) - 12i,.^ 


§ 6 In real liquids visconty ib more or lew preeent, and as the 
liydrodynanueal equations have been solved for the ease c$ an dl^woid 

* ' Csmb Phil Soe Tnm ,* rti 14, p. WO 
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^hen the retarding action of viscosity nentraliaes the acceleration due 
to gravity, it is worth considering The hydrodynamical solution 
really assumes the velocity to be small, and the ellipsoid to be so 
remote from the surface and other boundaries os to T>e practically in an 
infinite liquid 

It 18 not very difficult to deduce from the formulae in Lamb’s 
‘ Hydrodynamics/ Art 296,—though I have not seen the result noticed 
—that the \iscous surface action reduces to a force fv per luiit surface, 
opposite to the direction of motion, tr being the perpendicular from the 
centre on the tangent plane, and / a constant The recognition of 
this fact saves us from the labour of considering the general expressions 
for the hydrodynamical pressures, which ore of a very complicated 
nature 

As the motion is steady, the bcxly stress equations ai o 


dsrz ihy dxz dyz 

dx^ dy^ dz dy dz 


d rz dyz 
dx ^ dy 



0 (23), 


while the surface equations are—rr, 5, e being the semi-axcs of the 
ellipsoid— 






-h-^^y{U + fjp'{C^z)l 


K24) 


-c-mi+yp'd+z)}-/ \ 


The Rurfoce equationa are satisfied by 


«e- -n-ffp'(C+:)+(ayi^)fs,' 
W - -11 - (fi,\C+ r) + (iVc*’)/-. 
« “ -n-y/»'(C+ 

*y - 0, 

F/y “ “/ 


(26) 


The values (26) also satisfy the body etroes equations (23), pio- 
vided 

-¥+Hp-p')”0 (36) 

As [j/wdP ■ 3/ ^irabr, 

when the integral is taken over the surface of the ellipsoid, (26) is 
tunply equivalent to the condition that the motion is not accelerated, 
or that 


( m vt. 
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where » » a constant As to the value w, it has been proved that 
the total VISCOUS resistance to the motion is* 


1 6vftuabcf{xt + f^o)t 
where /i' is the viscosity, and 


Xo ™ abe f" [(a> + A) (*» + A) (r* + A)]-WA, 

JO 

yo = a6cjJl(a® + A)(42 + A)(,-'-< A)*]-VA 

But this resistance is also equal to g(p - />'} $ vote [or to 
thus 




/WS], 


Substituting fur ^ and / in (25), wo have 

S - -ll-gp{t!+Hl)+ lij{p -p)a-:/r\ ' 

« = -U-gp (;+«<) - lg(p - p'):, 

^ 0 , 

yj/y - -j'j{p-p) 


(27) 


The corresponding displacements, supposing the material isotropic, 
are 




.l^?2x[n+y/,'(«+u<)] + 

-^^yin+y//(c+«<)]+ 


~SV)~ 

0{p-p) 

3E 


fa® / 



«*)] 

rbi / 


y*L7i+7( 



y - -^^’^[nz+gp'ut3 + ^gpif-x^-yoy^ 

■ ^E~ + /(2 + 3i/+ 


(28) 


g 7 The terms inside the first brackets in (28) contain n or gp', and 
represent displacements which vary only with the depth of Uie element 
nr Its distance from the centre of tiie eUipaoid The terns eontauung 

* C/ Lamb’s ' HydredyaaauM,* Art. 196 
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g (/> - p), on tho other hand, depend largely on the shape of the 
ellipsoid 

Thus, denoting them by a.\ fi\ y\ \re have approximately^ in the 
case of a very elongated ellipsoid, uhose long axis u vertioal, 


a'jx = « 0{p - 

i “ -/7(/'-p')[-' + (2 + 3i;)(/2 + y»)]/6E 


} 


(29), 


and, except m tho iinincdiato \icinity of the central section ^ « 0, we 
may take in place of (jy) 


a*lxt) => P/pj ^ 


(30) 


In a very fiat ellipsoid, npptoxiinatiiig to a disc, with the short axis 
vertical, we have appioximately 


y ^ -9{p- P) [(<t* “ i- (/P ~ + V— (CEc*) 


(31) 


Except dose to the \eitical diameter, tho terms in m y would be 
lelitively iicgligil>le, vhile, in general, a and j8' would bo email com- 
fiareil to y' 

In the case of the sphere it is peihaps moic convoiuont to record the 
(ompleto solution, \ u , 


1CX - yy -•ll-'gput^\(j{p -ip)z, 

- -- n - gp^ni ^lg{p^ 2//) 

- 0 , 

— Igip-p) 

*/;r ^ Ply ~ -1:±> [11 + ffp'{x + «!)] + - P>/E, 

y « _ 1^2 -**-»»)] 

“ ^-^t(3+2v) +(1 + 2»,)**] 


(32), 


(38) 


\MarA 13,1901 ]— The paper as onginally presoutod to tho Society 
dealt briefly with two or thtee other details It showed how tho 8<du- 
tion in 8 6 depended not on the mscous resistance varpng os the first 
power el the velocity in the final state, but on its varying over the 
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surface as the perpendicular on the tangent plane In particular, if, iti 
accordance vith Mr Allen’s experiments,* there be possible forms of 
final uniform motion for a sphere in which the resistance vanes as 
1 /S or (m being the velocity), it was shown that the solution would 
still bo of the form of (32) and (33), provided the distribution of the 
VISCOUS resistance happens to remain unchanged 

It was pouited out that in an isotiopic solid, free of cavities, at rest 
in a liquid, the sti esses are everywhere the same as if each element 
were separately subjected to the pressure answenng to its depth, but 
that when cavities exist in the solid the state of matters is altered Ah 
an example, a complete solution uas given for a hollow spherical shell 
fully immersed 

It ^HH shown that, in a completely solid body, the greatest strain 
and maximum stross-diflcrenco theoiics agreed in indicating no ten 
dency to rupture, but that when cavities existed, it was otherwise, in 
particular, that in the spherical shell there is on either theory a 
tendency to rupture, greatest at the lowest point, which approximately 
in a thin shell vanes directly as the depth and inversely aa the thick' 
ness of the shell 


On the Heat dissipated by a Pktmum Surface at High Tempera¬ 
tures PartIV t— High-pressure Oases” By J E Pktavel, 

AMICE., A MIKE, John Hailing Fellow of Owens 
College, Manchester Comiuunicated by Professor Schuster, 
F R.S Becoivcd February 7,—Head March 7,1901, 

(Abstract) 

The rate of cooling of a hot body in gases at pressures up to one 
atmosphere has received considerable attention, but with regard to 
gases at high pressures practically no data wore up to the present 
available. It was thought therefore that an experimental investigation 
of the subject might prove of some interest 
The expenments were earned out with a honzontal cylindrical 
radiator contained in a strong steel enclosure, the enclosure being 
maintained at about 18" C by a watei circulation 
It IS shown that the rate at which heat is dissipated by the radiator 
may be expressed by the following formula— 

E « 

where E » emissivity m C,G,S units » total amount of heat dissi- 

* * Phil Msg / September and November, 1000 
t For Porto 1, U oad lU see * Phil, Trons/ A, vol 101,p 001,1908. 
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pated expressed in therms (wator-grammes-degreos) per square oonti* 
metre of surface of radiator per socond, 
p » pressure in atmospheres, 

» the temperature of the radiator minus the temperature of the 
enclosure, or in other woids the temporuturo interval in degrees 
Centigrade 

The limits hetwoen which the formula may ho consideied to hold 
good, and the numerirai \uliio of the constants for the \anouB gases 
studioil, are given by the folloviiig table — 







The formula holds good 


ox 10* 

4x10* 

a 


from 

to 

and 

from 

to 






e » 

3 a 

p « 

p « 

1 Air • • 

403 

l-CS j 

0 SO 

0 21 

100 

1100 

7 

170 

Oxygen 

8H7 

1 89 

1 0 68 

0 28 

100 

1100 

16 

US 

1 Hydrogen 

2706 

1 88 1 

1 0 

0 36 

800 

1100 

7 

113 

1 Nitrous oxide 

27fl 

1 70 1 

1 0 74 

0 28 

100 

800 

6 

40 

i Oarbon dioxide 

207 

1 60 1 

U 82 

0 33 1 

1 100 

1100 

10 

35 ; 

1 


The question as to what proportion of the total loss of heat is due 
rcsjjcctively to convection, conduction, and radiation is treated at some 
length The influoiico of exporiuieiital conditions, such as the tem¬ 
perature of the gas and the dimensions of the radiator and enclosure, 
18 also studied 

All gases show a rapid increase of the effectno conductivity with 
the pressure In air, for instance, the rate of cooling is six times 
greater at 100 atmospheres than it is at atmospheric pressure The 
effect of the high rate at i^hich heat is transmitted through compressed 
gases IS discussed, ]x»th fiom a theoretical and a piactical point of 
view, and the licanng of the results on some problems of modern 
engineering u considered 
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May 2,1901 

Sir WILLIAM HUGGINS, K C B, D C L , President, m the Chair 

A List of the Presents received laid on the table, and thanks 
ordered for them 


In pursuance of the Statutes, the names of the Candidates recom¬ 
mended for election into the Society were read, «is follows — 


Alcock, Professor Alfred Willum, 
MB 

Dyson, Frank Watson, M A 
Evans, Aithur John, M A 
Gregory, Professor John Walter, 
DSc 

Jackson, Henry Bradwaidine, 
Captain, il N 

Macdonald, Hector Muuro, M A 
Manse) gh, James, M Inst C E 


Martin, Prof Charles James, M B 
Boss, lionald, Major (IMS, re- 
tiiotl) 

Sthlich, Professor William, CIE 
Smithells, Pi ofessor Arthur, B Sc 
Thomas, Michael R Oldfield,F Z S 
Watson, William, B Sc 
Whotliam, William C Damjuor, 
xMA 

Woocluard, Arthur Smith, F G S 


The folloiMng Papers were read — 

I ‘‘On the Variation in Giadation of a Developed Photogiaphic 
Imago when impressed hy Monochromatic Light of different 
Wave-lengths ” By Sir AV i>f W Abni^y, K C B , F R S 

II “ Ellipsoidal Harmonic Analysis ” By G H Dauwix, F EJS 

III “ On the Small Vertical Movements of a Stone laid on the Surface 
of the Ground " By Houac k Darwix Communicated by 
Clement Reip, F R S 


“ Ellipsoidal Harmonic Analjsm” By G IT Dauvvin, FES, 
Phuman I'rofessoi and Fellow of Tiinity College in the 
UmveiBity of Canibndgo Eo< imn ed Maieli 23,—Head May 2, 
1901 

• (Abstract) 

Lamp’s functions have been U8e<l in many investigations, but the 
{orm in which they have been piosonted has always boon such $m to 
render numerical calculation so difiitult ks to be practically impossibly 
The object of this paper is to romo\ o the imperfection in tjuestnm by 
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giving to the functioiiB Buob forma as shall render numenoal results 
acoesBible 

Throughout the work I have enjoyed the immcnso advantage of 
frequent discussions with Mr E W Hobson, and I have to thank him 
not only for many valuable suggostions but also for assiatanoc m 
obtaining \ arious specific results 

My object m attacking this problem uas the hope of lieing thereby 
enabled to obtain exact numcrKal results as to M Poincare’s pear- 
shaped figure of C(]uilibmim of rotating liquid But it soon became 
clear that partial investigation with one particular object in vuew was 
impracticable, and I was led on to covei the whole field, leaving the 
consideration of the particular jiroblem to some future occasion 

The usual symmotrieal foimsof the three functions whose piodnct is 
a solid ollipsoid<al hormomc arc such as to loiulei purely analytical 
investigations both elegant and convoment But it seemed that 
facility foT computation might l>o gained by the suri'endor of sym¬ 
metry, and tins idea is followed out in the paper 
The success attained in the use of spheroidal analysis suggested 
that it should bo taken as the point of dcji^irture for the treatment 
of ellipsoids with three unequal axes In sphcioulal harmonics we 
start with a fundamental prolate ellipsoid of revolution, with imaginary 
semi-axes IJ J The i> 08 ilion of a point is thou defined 

by three co-ordinates, the fiist of these, i, is such that its leciprocal is 
the eccentricity of a meridional section of an ellipsoid confocal with 
the fundamental ellipsoid and passing thiough the point Since that 
eccentricity diminishes as wo recede from the origin, v plays the 
part of a reciprocal to the nulius vector The second co ordinate, /*, 
IS the cosine of the auxiliary angle in the meridional ellipse measured 
from the axis of symmetry It therefore plays the part of sine of 
latitude The thud co-ordinate is simply the longitude The 
three co-ordinates may then bo ilescnlied ns the radial, latitudinal, 
and longitudinal co-oidinates The parameter I defines the absolute 
scale on which the figure is diawn 

It IS equally possible to start with a fundamental oblate elhpsoid 
with real semi axes U 0 Wo should then take the first co-ordinate, 

f, as such that - v- All that follows would then bo equally 

applicable, but in order not to complicate the statement by continual 
reference to alternate forms, the first form is taken as a standard 
In the paper a closely parallel notation is adopted for the ellipsoid 
of three unequal axes The squares of the semi-axes of the funda¬ 
mental elhpsoid are taken to bo - + 0, and the three 

cCKnrdkiates are still v, p, As before, we might equally well start 
wil^ a fundamental ellipsoid whose squaroa of sonu-axos are 

4*1^, 0, and replace v® by tvhere -v* All possible 



250 


Prof G H Darwin 


ellipsoids are comprised in eithor of these types by making prtacy 
from zero to infinity But it is shown that* by a proper choice of type* 
all possible ellipsoids are comprised in a range of jS from zero to one- 
third When P IB zero we have the spheroids for which harmonic 
analysis already exists, and when p is equal to one-thii d the ellipsoid 
IS such that the mean axis is the square root of mean square of the 
extreme axes AVe may then regard P as oasontmlly not greater than 
one-third, and may conveniently make developments in powers of P 
In spheroidal analysis, for space internal to an ellipsoid vo, two of 
the three functions are the same P-functions that occurs in sphencal 
analysis, one P being a function of r, the other of /x The third 
function IS a cosine or sme of a multiple of the longitude ^ For 
external space the P-function of v is replaced by a Q function, being 
a solution of the differential equation of the second kind 
The like is true in ellipsoidal analysis, and we hav e P- and Q-func- 
tions of V for internal and oxtonial space, a P function of /t, and a 
cosine- or siue-function of For the moment we will only consider 
the P-functions, and will consider the Q-functions later 
There are eight cases which are determined by the evenness or 
oddness of the degree t and of the order s of the harmonic, and by 
the alternative of whether they correspond with a cosine- or sme- 
function of </» These eight types are indicated by the iiiitials £, 0, 
C, or S, foi example, EOS means the type in which t is oven, s is odd, 
and that there is association with a sine function 
It appears that the new P-fuuctiotis ha\ e two forms The first form^ 
wntten is found to be expressible in a finite senes in terms of 
Pi**^i when the P’s are ordinary functions of spherical analysis The 
terms in this senes are arranged in powers of p, so that the coefiteieut 
of has j3* as part of its coefficient 'fhe second form, wntten 

P,*, 18 such that P.Wor p,*(^) » 

Vv-— /X 

expressible by a senes of the same form as that for 9; Amongst 
the eight types four involve J^functions and four P-functions, and if 
for given ^ a 9»**fui^otion is associated with a cosine-function, the 
corresponding is associated with a sine-f unction, and vtne veraA, 
Lastly, a ^-function of v is always associated with a 9-fQnction of 
/X, and the like is true of the P’s 

Again, the cosine- and suie-functions have two forms. In the first 
form $ and i are cither both odd or both even, and the function wntten 
Cj* or IB expressed by a series of terms consisting of a eoeffioient' 
multiplied by p^ cos or sin (s ± 21)4^ In the second form, $ and % 
differ as to evenness and oddness, and the function wntten Ci* or 8^ 
IS expressed by a similar series multiphed by (1 - cos 20. 

The combination of the two forms of P-f unction with the four Ibitne 
of Goiiiko- and nne-function gives the right types of barmonie* 
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Correaponding to the two forms of P-fuuction thero are two forms 
of Q-function, such that ©,* and Q|* a / expressible 

^ F-p 

in a senes of ordinary Q-functions, but whereas the senes foi 9* A^^d 
P/ are terminable, because P/\amshos when s is gi eater than i, this 
IB not the case with the Q-functions 

In spbeiical and sphetoidal analysis the difTereutial equation 
satisfied by P/ involves the integer whereby the older is specified 
So hero also the differential equations, satisfied or P/ and by 

Cm ♦*> C,*,or S,*, involve a ronsUnt, but it is no longer an integei 
It seemed convenient to assume s' - /irr as the form for this constant, 
where is the known integer specifying the Older of harmonic, and 
<r remains to be determined from the differential equations 

When the assumed forms for the P-function and for the cosine- and 
sine-functions are substituted in the differential equations, it is found 
that, in order to satisfy the equations, fi*r must be equal to the 
difibronco between two finite continued fractions, each of which 
mvohes P<r We thus have an equation for /?(r, and the reqiured root 
IS that which vanishes when \ anishcs 

For the harmonics of degrees 0, 1, 2, 3 and for all onlois <r may lie 
found ngorously in algebiait form, but for highei degrees the equation 
can only be solved approximately, unless fi should have a definite 
immeiical value 

When has been determined either ngorously or approximately, 
the successive coefficients of the senes are determinable in such a way 
that the ratio of each coefficient to the preceding one is expressed by 
a continued fraction, which is in fact portion of one of the two frac¬ 
tions involved in the equation foi /io* 

Throughout the rest of the paper the greatt»r part of the work is 
earned out with approximate forms, and, although it would be easy to 
attain to greater accuracy, it seemed sufiiGiout in the first instance to 
limit the development to With this limitation the coefficients of 
the series assume simple forms, and we thus have definite, if approxi- 
mate, expressions for all the functions which can occur in ellipsoidal 
analysis 

In ngorous expressions and P/are essentially different from 
one another, but m approximate forms, when s is greater than a 
eertam integer dependent on the degree of approximation, the two 
are the same thing m different shapes, except as to a constant factor 
The faotor whereby P^*- is convertible into and C/ or 8/ mto 
C/ or are therefore doterminod up to equaree of p With the 
degree of approxunation adopted there ia no factor fi» converting the 
Ps when « » S, 2,1 Similarly, down to « 3 incliuive, the same 

factor eerves for oimvertiug C * into C* and 8/ into Bat for 
» M 2 ,1, 0 one form » ne^ed for changing C into C, and another 
vot. ucvni. T 
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for changing 8 into # It may be well to note that there » no sine- 
function when «is zero 

The use of these factors does much to facilitate the laborious reduc¬ 
tions involved in the whole investigation 

It IS well known that the Q-functions are expressible in terms of the 
P-functions by means of a defimto integral Hence and Q/ must 
have a second form, which can only differ from the other by a con¬ 
stant factor* The factor in question is determined lu the paper 
It IB easy to form a function continuous at the surface vo which 
shall bo a solid harmonic both for external and for internal space 
Poisson’s equation then gives the surface density of which this con- 
tmuous function is the potential, and it is found to be a surface 
harmomc of /i, ^ multiplied by the perpendicular on to the tangent 
piano 

This result may obviously be employed in determining the potential 
of an harmonic deformation of a solid ellipsoid 

The potential of the solid ellipsoid itself may be found by the con¬ 
sideration that it 18 externally equal to that of a focaloid i^ell of the 
same mass It appears that in order to express the equivalent surface 
density m surface harmonics it is only necessaiy to express the 
reciprocal of the square of the perpendicular on to the tangent plane in 
that form This result is attained by expressing in surface 

harmomcB When this is done an application of the preceding theorem 
enables us to wnte down the external potential of the solid ellipsoid 
at once 

Since have been found in surface harmonics, we can also 

write down a rotation potential about any one of the three axes m the 
same form » 

The internal potential of a solid ellipsoid does not lend itself well to 
elliptic co-ordinates, but expressions for it are given 

If It be desired to express any arbitrary function of in surface 
harmonics, it is necessary to know the integrals, over the surface of 
the ellipsoid, of the squares of the several surface harmomes, each 
multiplied by the perpendicular on to the tangent plane. The rest of 
the paper is devoted to the evaluation of these integrals. No attempt 
IS made to carry the developments beyond although the methods 
employed would render it possible to do so 
The necessary analysis is difficult, but the results for all orders and 
degrees are finally obtained. 
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" On the Small Veitical Movcmenta of a Stone laid on the Surface 
of the Giouiid” lly Hobace I)auwi\ Communicated hy 
CmiKNT llEiD, Fits lieceived Apn] 17,—Head May 2, 
1901. 

In my father’s hook on Vogetahle Mould and Earthworms an csti 
mate is given of the rate at which stones placed on the surface of the 
soil are huned hy the action of earthworms The estimate is rough, 
and as far as I know no attempt has been made to detect such move- 
ments when small, or to determine them accurately when they are 
large 

The oxpeninents described m this paper were undertaken ongmally 
to measure accurately the downward movement of a stone caused by 
earthworms The upward and downward movements due to varying 
moisture of the soil and to frost were found to be much larger than 
was expected These movements, mteresting in themselves, increase 
the (hffaculty of aci'urately determining the movement due to the 
action of earthworms * 

The experiment was hegnn on BeptomW 5, 1877, and the position 
selected is in a nearly level field which had proliahly been pasture for 
considerably moie than fifty years It is to the south of my father’s 
house at l>own, close to some raihngs separating the held from the 
lawm and under a largo Hpanish chestnut tree Ho appro\ed at the 
time of the selection of this position; at a later date he considered a 
mistake had been made, as ho thought there were fewer worms under 
trees.! 

It was necessary to have a fixed point from which the displacement 
might be measured, this was managed m the following way -^An 
iron rod was driven into the ground by means of a heavy hammer, it 
was then removed, and a copper rod, slightly larger (22 mm. in 
diAmeter), was driven into the hole, the bottom of the rod wras about 
2*63 metres from the surface. The top of this rod is the pomt from 
which all measurements were taken 

A circular stone about 460 mm in diameter and about 57 mm. thick, 
weighing about 23 kilos., was placed on the ground with the rod pro¬ 
jecting through a hole in its centre A brass cylinder, slightly snudler 
than the hole in the stone, had previously been firmly fixed in the 
hole by running in melted lead. The brass cylinder had three {M'o- 
Jeoting pieces at its top, three symmetncal radial right-angle grooves 
were eat, one m each of these projecting pieces. This gave the usual 

• See ’ Vegetable Mould and Esrlhwoniui,' hy 0. Daannn, 1SS8, p 121, where a 
^iqH pndiml&ary aoeoimt of the espenmsnt k ^ren. 

f Aid , p. 143 In Knowle FOsk, under beeoh trees, worm eastings were almost 
vh<% absent. 

T 2 
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form of geometrical bearings for the three rounded feet of the stand 
vrhich earned the micrometer used for measuring the relatii o positions 
of the stone and the top of rod 

The action of the earthworms would cause the stone to sink rela¬ 
tively to the top of the rod, but the following other causes should also 
Iw corisidorod — 

1 The (howtk of the Itmtx of the Ttee —The copper rod jaissed 
through al)Oiit 2 63 metres of slightly sandy rod clay i^hich overlies 
the chalk, and contains many flints , some of these wore broken or 
disphued by the passage of the iron rod Gieat force was required to 
draw the rod out of the ground, and in doing so its sides became 
scored by the Hints It is, therefoio, safe to assume that the flints 
were pressed with considerable force against the rod, and that their 
sharp edges gnppod it tightly The {loint where the rod was gnpped, 
and where there was no relative movement between it and the clay, was 
imknown , probably, howcvci, it was well below the le\ el of the roots 
of the tree The loots growing larger in diameter would raise the 
stone relatively to the top of the rod* The amoiuit of this movement 
IS quite uncertain 

2 Dmipne$i* of the Groaiul —The day and the surface soil both, no 
doubt, swell with increase of moisture The swelling of the day 
above the unknown point at which the rod is gnpped will raise the 
stone, and the swelling of the surfacq soil will have the same effect. 

3, Ej'jKnmon of the Hod from (Jhmiffe of Tempeudure. —The effect of 
this is very small and is quite negligible when measurements, taken at 
the same time of year, are compared If we take a high estimate 
and assume that the summer and winter temperature of the rod 
diffoied by 10“ C , the relative movement of the stone and the top 
of the rod would be about 0 4 mm , this is on the assumption that 
the rod is only gnpped dose to its lower end, and that the expansion 
practically of its whole length is taken into account An attempt 
was made to eliminate this error by sinking two rods alongside of 
each other, one being of iron and one of copper, and by takmg 
measurements from lioth rods This attempt failed, and the results 
now given aie the measurements from the copper rod only.* 

The measuring apparatus is shown in fig. U It consists of a brass 
Xing A, with three short rounded feet B, which rest in the radial 
grooves liefore mentioned. This annular base carries a vertieal brass 
rod C, to which is soldered an arm with V-bemrings D. Trunmons E 
were fixed to the usual form of micrometer screw gouge as shown in 
the figure, the trunnions were supported by the Y-beaxings in die am, 

* Frofestor Judd pointed out that the day with flints tlii>ou|^h wlucU Ijbe rod 
passed piobably oontamed small quandties of oslehtm carbonate wfaieh wotidi be 
■lowly duuKdred by raitt, and that this vrould pvodhoe a sudl error % liOL 
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atul the micrometer Bcitsw wha used for the measurement* G and H 
are the tops of the iron and copper rods, the micrometer sorevr is 
turned till its lower end K just touches one of the rods, the upper end 
of the screw is not used at all The stand and micrometer were kept 
indoors till wanted 


Fig 1 



The method of reading was as follows — 

The grooves for the feet of the stand were cleaned, and the stand 
placed with its feet resting in them The trunnions of the micrometer 
gauge wore placed in the V-beanngs, the screw was then adjusted till 
the lower end just touched the top of one rod, by swinging the gauge> 
which hangs by its trunnions in the bearings, this adjustment could be 
done with groat delicacy 

The gauge was moved sideways by sliding the trunmons along the 
healings; this horizontal movement brought the screw over the centre 
of the second rod, and a second measurement was taken This second 
measurement, however, was not used 

The tops of both rods were smooth, and a piece of copper was attached 
to the iron rod ui order to give a surface which would not corrode. 
The micrometer screw was graduated to 0*01 mm, but as we had not 
rieriised the importance of making sure that there was not a small 
lateral 4ii§placement of the trunnions along the beanngs, the last place 
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of the decinmlfl was not reliable This error existed because the 
horizontal movement of the trunnions along its bearings was not 
strictly jiarallel to the surface of the top of the rods from which the 
measurement was taken As the readings from one rod only were used, 
It would have been l)etter if this lateral displacement had been impos¬ 
sible With care, however, consecutive measurements agreed within 
0 01 mm , showing that the method was tapalile of far grcatei accuracy 
than was required 

During the experiment the stone sank more than the range of the 
miciometer screw* The arm was uiisoldered> moved upwaids sufii- 
ciontly fai to allow the screw to be used again, and was then re 
soldered This operation, no doubt, introduced a small error 

The cune marked “ Aloiemontof Stone in hg 2 icpreseiits the up 
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and down movements of tlie stone fiom February 19 to October 9, 
IBSO, due to the varying dampness of the ground 

The points (orrosponcluig to each observation are surrounded by a 
small cuxslo, their vertical distance apart is the movement of the stone 
magnified 8 times, each division of the scale representing 1 mm , the 
honzontal distance apart is proportional time. 

The following are the observations fiom which the curve is con¬ 
structed The numliers in the second colunm give the distaoee 
moved downward by the stone from its position on Februacy 
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Feb 

lU . . 

mm 

0*00 

Bfay 18 

mm 
. S 23 


24 

0 28 

i .. 28 

8 62 


29 

0 43 

' June ^ ^ 

4 69 

Mar 

7 

0 64 

f, 22 

3 63 


14 

0 *<7 

M 29 

3 81 

,» 

22 

1 43 

July 12 

8 72 

11 

2H 

1 «9 

Aiig 22 

4 66 

Apr 

e 

0 80 

Sept 7 

6 62 

II 

IH 

1 11 

.4 14 

4 81 

|1 

25 

1 4a 

10 

3-69 

May 

2 

1 80 

.. 20 

3 91 


0 

1 27 j 

Oct 0 

3 68 



__ _' 

_ 
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The curve shown by the dotted Imo roughly lopicsents the dAmpness 
of the soil Mr lialdwiti Latham has most kindly supplied me with 
the rainfall during this pciio<l at Leaves (Iroen, about 1 mile distant^ 
and nearly at the same le\e1 as Down I have Assumed that the soil 
dues at a uniform rate, this assumption cannot be correct, but no 
other IB possible The vailing rate of drying imII, no doubt, depend 
on temperature, wind, diul dryness of the air, as well as on the rate at 
which the water chan is awa> 

The ordinates are propoitional to the amount of the rainfall, less the 
assumed amount which has evaporated or dmiied away, both quantities 
are calcuhitod from February 19, the date of the Ijeguniing of the 
curve The curves representing the dampness of the soil and the 
movement of the stone are 16 mm apart on February 19, the beginning 
of the experiment, and the rate of drying has l>eeu assumed to be 
great enough to bnng them again 16 mm apart on October 9, at the 
end of the experiment 

The curves follow each other in a stritang manner after May 18 
On May 9 the stone-curve rises to a sharp peak wlien there was no 
corresponding rainfall, suggesting an error in leading the micrometer 
on that date, this is the most probable explanation Mr W N. Shaw 
tells mo that there was a thunderstorm on May 4 in the South and 
West of England with variation in the local rainfall, but this la unlikely 
to be the explanation, as the rainfall between May 1 and May 9 at 
Greenwich, 10| miles distant, is the same as the Leaves Green, 1 mile 
distant On April 6 there is again a discrepancy, the form of the 
curve does not on this date suggest an error in the micrometer reading, 
and no explanation is suggested 

The direct effect of artifically wetting the ground was tried on 
July 9,1878 The ground was not dry, as there had been ram m 
the previous mght About one hour after the water had been poured 
on Uie ground near the stone it had risen 0*4 mm , six hours later it 
had risen 01 mm. more. 

Fig. 3 shows the permanent downward movement of the stone from 
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1878 to 1896. The curve la constructed from readuigs taken near the 
middle of January when the ground was free from frost. The points 
which correspond to these readings ore surrounded by circle* and 
are joined by straight lines The pomts are at equal distances apart, 
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in a horuontal direction, and their vertical distance apart is 4/6 of the 
actual displacement of the stone, the numbers on the scale representing 
mms This curve is marked Winter ” There were no winter readings 
aftoi 1886 The Summer curve is made in a similar maimer, the dates 
of the observations are more irregular the corresponding points, 
however, are equally spaced in a horizontal direction 

The measurements from which the curve is constructed are as 
follows, the second (*oiumu gives the position of the stone measured 
in mm — 


1878, 

Jan 

20 

mm 
. SO 91 

July 

7 

lum 

24 60 

1887, 

Aug 

21 .. , 

mm 
6 60 

1879, 


d . 

20 02 

»* 

10 

26 

84 

1888, 

Sept 

20 .. . 

10 

34 

1880, 

,, 

11 . 

26 59 

tf 

13 

22 

24 

1889, 

If 

17 

7 

53 

1881, 

>1 

9 

22 28 < 

> t» 

20 

15 

84 

1890, 

11 

24 .. 

8 

16 

1888, 

If 

«) .. 

20 42 

ft 

10 

17 

61 

1891, 

Aug 

6 . 

8 

90 

188S, 

Apr 


17 83 

\U){ 

I . 

15 

27 

1H92, 

Sept 

6 

7 

72 

1884, 

no %iti1<er rruduitr 

pt 

14 

•11 

JH 

1893, 

iug 

2 . 

4*0S 

1885, 

ft 



July 

19 . 

. 11 

02 

1804, 

Aug 

24 

6 

86 

1866, 

Mar 

1 .. 

18 10 

No mnxnier 

readme 

1895, 

Sept 

17 

2 

60 









1896, 

Aug 

2 

3 

14 


The stone a as accidentally removed and no readings were taken 
after 1896 

If wo take the winter readings, we find that the stone sank 
17 8 mm in the eight yeais from January 1878 to March 1886, or at 
the average rate of 2 22 mm per year, rather less than I inch in 
ten years My father found^ that small objects loft on the surface of 
a field were bunod 2 2 inches m ton years This result is obtained 
from observations in a held near the stone The large stone sank 
more slowly, a result we should expect 

The curve shows that the rate of sinking was greater at the 
liegummg than at the end, this is probably due to the decaying of 
the grass, the turf was not removed, the stone restmg directly on it. 

The third curve, marked Bain ” on this diagram, roughly indicates 
the dampness of the ground. The ordinates of the curve are propor¬ 
tional to the ramfall at Greenwich Observatory during the twenty days 
liefore the date of the summer readmg The curve is only a veiy 
rough indication of the dampness of the soil, as no account is taken of 
the rainfall for a longer period than twenty days before the observation, 
and neither is the evaporation during this period allowed for. The 
rainfall at Down also is assumed to bo the same as at Greenwich, 
although they are miles apart^ and Down is 569 ft above Ordnance 

datum, and Greenwich is 165. 

The summer curve u far more irregular than the winter curve, this 
« < Vegetobls Mould/ 1888, p 148. 
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no doubt is due to tbe greater vanation in the dampness of the soil in 
summer than in winter The rain-curve and stone-curve roughly 
follow each other« In 1888, however, the stone rises and the ram- 
curve shows very little ram for the twenty days before Soptombei 20, 
the date of this observation During Jiuio, July, and August a gieat 
amount of rain fell^ and although there was lery Utile rain from 
September 1 to 20, the ground was probably damper than the rain- 
curve indicates At Hayes, 3^ miles from Down, the rainfall on these 
days UHS greater than at (Greenwich, but still \ery small 

If the jKnnts marked A and B are jomod by a straight line, it will 
roughly represent the mean movement during the firat nine years of 
the experiment These points were selected so that the line joining 
them appeared to represent the mean movement to the best of my 
judgment In the same manner the points C and D were selected, so 
that the line joinuig them represented the mean mo^ emont of the last 
nine years of the experiment The movements deduced by this 
method are 2 3 mm per year for the iiist mne years, and 0 36 mm. 
the last nine yeais The slow mervements for the latter period ore 
surprising The movement given above and obtained from the wmtei 
curve 18 2 22 mm per year 
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During the last five years the rainfall on tha twenty days befool 
each observation was distinctly above the average, it was 2*09 iaolpBii 
and the average for these twenty days during the whole experiment k 
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1 54 inches This will perhaps partially explain the slow movement at 
the end of the experiment 

The curve, Fig 4, shows the movement duo to frost It is con¬ 
structed as before, and the ordinates represent the position of the stone 
magnified 8 times On February 2, at 12 45 pm, the thaw was 
beginning, but the grounrl was still hard ^ readings were also taken 
at 3 25 PM and 5 25 pm The stone fell 2 37 mm m 4 hours 40 
niniutcH 


Moil 0, 1901 
Meeting fot Discussion 

Sir WILLIAM HUGGINS, K C B, D C L, Piesidont, in the Chair 

A List of the ProseiiU teceivod was Imd on the table, and thanks 
ordered foi them 

Professor Fran/ von Leydig was balloted for ami olectc<l a Foreign 
Member of the Society 

The President stated from the Chan that the mooting was couvenml 
lu pursuance of the following resolution of the Council, passed at their 
meeting on February 21, \iz —“That a special meeting of the Fellows 
be call^ ui ordei that the President and Council may have an oppor¬ 
tunity of hearing the vieHs of the Fellows on the questions raised in 
the Beport of the Bnbish Academy Committee, it liemg understood 
that no vote m ill l>e taken ” 

The Beport under referonco was laid before the mooting, and a 
discusBiou ensued, m which the following Fellows took part,—Sir 
Norman Lockyer, Dr Johnstone Stoney, Professor A K Forsyth, 
Professor S P Thompson, IVofossor E Bay Lankoster, Sir John 
Evans, Professoi A Schuster, the Right Hon J Bryce, Professor J D 
Everett, Sir Henry Howorth, Sir A Geikio, Dr J H Gladstone, and 
Mr G J Burch 
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May 23, 1901, 

Sir WILLIAM HUOGINS, KCB, DCX, Presulont, in the Chair 

A List of the I'losento received was laid on the table, ami thanks 
ordered for them 

Professor James Gordon MacGregor was admitted into the Society 
The following Papeis weie read — 

I “On the Presence of a Gl^col^iic Ensyme m Muscle” U> Sir 
Laudfh Bri nton, F 11 S , and liERUKHT Khodes 

n Nogatne Aftei-images and their Itelation to certain other 
Visual PhenomeriH ” By S BimvKiJ^ F li S 

III “The Solar Activity 1831-1900” By Dr W J S LocKYKK 

Communicated by Sii NoRBfAN Lockyek, K C B , F K S, 

IV “ A Compaiativc Ciystallographical Study of the Double Seleiiates 

of the Senes 1 ^ 3 M(»Sc 04 )J, 6 H ^{0 -Salts in which M is Magne¬ 
sium” By A E Tuiton FRS 

V “ On the Intimate Structure of Crystals Part V,—Cubic Crystals 
with Octahedral Cleavage ” By Professor W J Sou^H, F.U.8 

VI “Preliminary Statement on the Prothalli of Uphioglmm}. jiirw 
daZiMR, L , Urlmintlmtarhy^ zeijlantca, Hook, and FsUotuvi np ” 
By Dr W IL Lam; Communicateil by Professor Bower, 
FILS 

The Society adjourned over the Whitsuntide Bocess to Thui-sday, 
June 6 


'*On Negative Aitei-linages, and their Relation to certain other 
Visual Phenomena,’' li} Sheijtorp Bidw'EIX, MA, ScD, 
F R S. Received May 1,—^Bead May 23,1901. 

I Prehmtnary 

In a formei communication 1 described a curious phenomenon due 
to the formation of negative afteMmages following brief retuud 
excitation after a period of darkness.* The effect u gonvemen% 
demonstrated by the aid of a disc, partly black and partly whlt^ 

* *Rojr Soc.ProoVlE0 ?,to). ei,p ^68* 
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having an open sector, as shown in fig 1 If such a disc is caused 
to turn five or six times in a second, while its surface is strongly 
illuminated, a coloured object placed liehuid it and viewed inter¬ 
mittently through the open sector, generally appears to assume an 
entirely different hue, which is approximately complementary to the 
true colour of the object a jnece of red ribbon, for example, is seen 
as groenish-bluo and a green one as pink 



The tints thus produced are referred to in the jiaper as “pale*' 
ones I ha\e since found that their intensity may iii most cases be 
greatly increased if the object is illuminated more strongly than the 
disc The best arrangement for the purpose is indicated in plan in 
fig 2, whore 0 is the coloured object, ig,ti design painted on a card, 
L, L are two incandescont electric lamps of fifty candle-power, and 
K 18 a third lump of thirty-two candle-power, suppoitedhonsontally a 
litUe above the axis of the disc oU throo lamps are fitted with metal 
hoods to screen the light from the oliservor’s eyes The distance of 
the lamp K from the disc may be vanod until the best results are 
obtained When only a single lamp is used for illummating both the 
object and the disc (as m the original arrangement), the hght portion 
of the disc should be covered with papet of a pale neutral tint (not 
bluish), reflecting about half as much light as ordinaiy white paper, 
for experiments in bright diffused dayhght, the paper may advan¬ 
tageously bo of a,pale yellowish-grey or bnfl tint The dark part of 
the dise should be covered with good black velvet, and the open sector 
thould extend to about 70% instead of only 45% as recommended in 
the former paper. 

A number of observations made from time to time with the appara¬ 
tus as thus modified have shown that the *' pulsative ” aften-images, as 
they will be called, difihr in several important reqieeta from the 
'*ordinary” negative aftcMmages seen upon a white or grey back¬ 
ground after the gase has been fixed for some seconds iqion a coloured 
obijeet, The colours of the pulsative after-imagee produced by oMain 
hues ^ red and of green may appeur far more mtenee or wtorated 
than those of the oi'dinary negative after-imagee exdted by the same 
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pnmary colours under similar conditions of lUumiiiation , in particular, 
Uie greemsh-hlue into which bright red appears to be transformed is 
singularly strong and luminous This is a matter for some surprise, 
since It might naturally be expected that the intermittent impressions 
of the exciting colour, even though not consciously perceived, would 
be compounded with and tend to enfeeble the complementary hue of 
the after-image On the other hand, when the exciting colour is blue 
or yellow, it is found difficult to obtain a satisfactory pulsativo after¬ 
image The complement of blue is an oiange-ycllow, which is also the 
hue of the ordinary after-imago But the pulsatne image excited by 
blue, especially if the colour is at all bright, is in most cases an impure 
pink or salmon of feelile intensity By using dull greyish-bluo pig¬ 
ments I have BUccoodiMl in obtaining a \ery fair yellow, which is 
further improved if a little lamp-black is added to the paint But in 
such cases the formation of yellow is no floubt chiefly attnbutable to 
the inferior luminosity of the pigment, for a perfectly neutral-grey 
wash of lamp-black will itself give a yellow image, an effect which is 
probably due merely to intermittent illuminatioti of feeble intensity 
Vilien a yellow pigment is the exciting colour, the hue of the 
pulsativo image is not the complementary blue-violet but a pale 
purple, only just perceptibly bluer than the subjective purple excited 
by green A piilsati\e image which is really blue has never been 
obtained from any pigment whatever, the nearest approach being the 
greenish-blue excit^ by orange, or the bluish-purple which follows 
yellow It has been foiuid equally impossible to obtain either a true 
red or a true green in the pulsative image All greens, ranging from 
yellow-green to green-blue, are transformed into some form of purple, 
including rose and pink. Purple produces in the pulsative image 
almost the same kind of blue-green as rod, quite different from the 
pale grass-green colour characterising the orduiury after-image of a 
puride object 

The effects observed with the apparatus dosenbed above may be 
shortly summansed in the statement that the pulsative image of a 
colour in which red predominates is blue-green, that of dull blue is 
yellow, and that of any other colour (including bright blue) is puiple 
or purplish-grey In the exponments to be described in the present 
paper, spectrum colours were used instead of pigments, being blended 
into uniform mixtures by means of a simple form of Sir W. Abnqj^’s 
well known “ colour-patch ” apparatus.* 

11 . ilfsf Aeefs of JHzpenmmi 

Method /.—The arrangement for generating pulsative 
when tibe blended spectrum colours are projected iqum a screen is elum 

* <Phii. xnuii.; lese, psh n, m 
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in fig. 3, on a scale of one-sixteanth By means of tbo condenser B, the 
image of the positive crater of the electric arc A is projected npon the 
slit of the collimator D The emergent parallel rays are refracted by 
the pnsm E, and thence pass successively through a circular aperture in 
the diaphragm F, through the achromatic lens O, and through an 
opening in the rotating disc H (which rendets the light intermittent) 
until they reach the alit-scroen I, upon the face of which the spectrum 
IB focussed by the lens O The screen contiiins three adjustable 
vertical slits, the position of which can be varied, one, two, or three 
selected portions of the spectrum may be allowed to pass through the 
slits to the large lens K, which is arranged to project a sharp imago of 
the circular aperture m the diaphragm F upon the white screen L. 
This image constitutes the “ colour-patch **, it is illuminated by a 
uniform mixture of the spectrum-rays transmitted by the slit-screen 
In front of the collimator slit D is placed a mirrot C, from the back 
of which a strip of the silver, 20 mm long and 4 mm wide, has been 
remoied So much of the uiialisorbed light from tlie electric areas 
does not pass through the clear glass to the collimator-sht is reflected, as 
shown by the dotted line, through the lens M to the mirror N, thence 
it 18 again reflected through an aperture in the diaphragm 0 (where 
an image of the condenser B is formed by the lens M), it then passes 
(intermittently) through an opening near the circumference of the 
rotating disc H to the wooden screen P, upon whic]]i an elliptical 
image, about 12 cm by 4 5 cm, of the positive crater la formed The 
image is crossed by a dark vertical band, coiresponding to the space 
of clear glass in the mirror C. An opening m the scrooii P is 
furnished with an ins-diapbragm, the aperture of which can bo varied 
from 2 mm to 30 mm The mirror N is so placed that a portion of 
the image of the crater on one side or the other of the dark band may 
cover the ins-diaphragm. A lens Q focusses an image of the aperture 
in the ins-diaphragm upon the screen L, the disc of white light thus 
formed being concentoc with the colour-patch 
The following are details of the apparatus The collimator-sht is 
adjustable by a screw having a divided^ head, the achromatic lens at 
the other end has a clear aperture of 2 86 cm (1| iwh) and a foeal 
length of 25 4 cm (10 inches) The extra dense flint^Iass j^rism £ 
has a refracting angle of 60% and its faces are 5 1 cm. (2 inches) 
square. The diameter of the circular aperture in the diaphragm F is 
2 3 cm. (Vv inch). The focal length of the achromatic lens Q is 
76 cm. inches), and its diameter 5 1 cm (2 inches) 

The me disc, H, as seen from the lantern, u ropreaetited in 4. 
Its diameter is 34 cm , the opening near the centre extends to 45* 
and that near the circmniereikce to 135*; both eoul4 I’d vaiM by 
movable me seotors, but the angles iqmified were found to be gener- 
aBy the most effeetive^ the disc is driven by an el^no motbr in 
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circuit with a ranablc resistance, the latter being adjusted so that the 
Sjieed of rotation may be a little higher than is required for the ex* 
}>enment, a short-circuit key within reach of the observer’s hand 
enables him to vary the speed at will or to keep it sensibly constant. 
A wire attached at right angles to the axis of the disc taps a strip of 
curd at every revolution, producing a succession of audible clicks, which 
can, when desired, he compared with the taps of a metronome beating 
seconds The most usual speed is from five to six turns per second 
The disc apparatus is supported at such a height from the table that 
when the disc is turning lu the direction of the arrow the spectrum 
projected upon the screen I (fig 3) is eclipsed at the moment when 
the ina-diaphragm in the screen P is liegmning to ho exposed to the 
white light Dunug about oiio-half of a revolution both the diaphragm 
and the slits are shielded by the disc The width of the spectrum 
projected upon the slit-screen I (hg 3) is 2 9 cm, and its visible 
length in a dimly lighted room iiljout 7 cm , the measured distance 
between X6870 (Fraunhofer line B) and X4115 (iron line between 
q and H) was approximately 6*1 cm 


Fie 4. ]<io 5 



The slit*Boreen is shown diagrammatically in fig 5. It consists of 
a mahogany board, having cut m it an oblong window, 10*4 cm. Iqr 
2 7 cm., over which the three brass sht-frames slide between grooved 
guides above and below Each slit-frame is 1*8 cm wide, and has an 
aperture of 2 5 cm by 0 6 cm, Theaht-jaws (not shown m the diagram) 
are attached to the front surfaces of the brass frames, andareadjustaUe 
in the parallel-ruler fashion, one of every pair being fixed to its frame ; 
the sbts can be opened to 0 56 cm The two outermost slit^rames are 
attached by screws to sliding shutters, which serve to cover such por- 
tkms of the window right and left of the slit-fratnes as would other¬ 
wise be open to the light The spaces between the middlfl sUt-frama 
and the two outer ones are closed by opaque black ribbons (shaded in 
the diagram), cimstitoting ndniature spring-roller blinds. The axes ei 
the spmg rollers are so jj^aced (perpendu^riy behind one edge of a 
VpL. LXVIH. V 
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Bhtrfram«) that even when the sht-frames are in contact with cnte 
anothor, and the alits are opened to their widest extent, no obstruction 
to the passage of the light through the slits is presented by the rollers 
Each slit-frame can be moved independently to any desired position, 
and clamped with a set-screw On the other side of the sht-screen a 
second pair of guides is fixed, each having throe parallel saw-cut 
grooves in it These guides carry rectangular pieces of sheet zinc of 
various widths, which may be used to shield tomporurily one oi more 
of the slits when it is desirable that its adjustment shall not be dis¬ 
turbed In some experiments it is nocossary to use larger portions of 
the spectnim than can be transmitted by the slits, the slit-frames are 
then removed from the screen, and the spectrum dealt with solely bv 
moans of the zinc plates Pieces of zinc sliding in different pans of 
grooves may bo made to o\crlap one another, thus providing scieens 
or openings of almost any desired width with very little troubles! 

The diameter of the lens generally used at K, fig 3, is 10 2 cm 
(4 inches), and its focal length 30 5 cm (12 inches), the diameter of 
the circular colour-patch projected upon the screen being then only 
about 1 5 cm* This size was, however, amply sufficient for most pur¬ 
poses, and with a larger image the necessary luminosity could not 
always be obtained Bometimes a lens having a focal length of 
40 6 cm (16 inches) was used at K, the diameter of the patch then 
being 2 cm ^ 

The focal length of the lens M is 12 7 cm (5 inches) j it le sur¬ 
rounded by a broad diaphragm to screen off stray light. O is a device 
known to photographers as a ** rotating diaphragm , it has ei^ht 
apertures ranging from 0 21 cm to 1 42 cm in diameter, any one of 
which can bo placed in the path of the beam of light Its object is to 
vary the luminosity of the white-light diso projected upon the screen L 
The lens Q has a diameter of 6*5 cm, and a focal length of 16 5 cm 
(6^ inches) 

fTave-lrnffth^t of the Colmr-patrh Light —No attempt was made to 
standardise the spectrum projected upon the slit-screen, the wave¬ 
lengths of the light illununating the colour-patch being determined, 
when necessary, by means of the spectroscope B, fig 3 The opaque 
white screen L being removed, a screen of ground-glass is put in ite 
{dace, and the slit of the spectroscope is brought near the bnght imago 
on the glass. The purpose served by the ground-glass u to diffuse the 
light, so that any element of the light transmitted by the sht-screen 
may be at once examined without the need of turning the speotro- 
scope in its direction. The speotroscope has a six-moh circle wit^ a 
vernier reading to minutes; the jarism is of extra dense Jena i^asstthe 
refractive index tor D being 1*683, To ascertain the oonstitation of a 
colour-patch, the deviations corresponding to the two extremes of the 
one or more coloured bands seen in the speotroscope are detenninedr 
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and the related wave-Iongths are denved from a large-scale cuTTe 
When It IS desired to form a colour-patch consisting of a mixture of 
light of given limiting wave-lengths^ the slits in the slxt-soreon are 
moved and arljusted luitil the limits of the bright bands seen in the 
spectroscope coincide with the vortical cross-wire when the telescope is 
sot at the proper predetermined angles 

Illnimmium and Lumimsity —It should be remarked that the colour 
of an object) selMnminous or illuminated, is not completely specified 
by a mere statement of the wave-lengths of the light which it emits or 
reflects This fact is of course well known, but it is doubtful whether 
Huflicient importance is always attached to it ^ it has many times been 
strikingly brought to my notice in the course of the experiments under 
consideration. A complete account of the colour-conditions should 
include a determination of the luminosity expressed in terms of some 
standard unit, unfortunately, however, this cannot easily bo given. 
In order to furnish data for approximately estimating the luminosity 
of the projected colour-patch when illuminated by selected spectml 
rays, a rough photomotnc measurement was made of the illumination 
of the white colour-patch produced by the whole recombined spectrum, 
a focus*’ electric lamp of 25 5 standard candle-power being employed 
for the comparison It was found that when the width of the colh- 
mator-sHt was 0 6 mm (the width usually employed), the illumination 
was equal to that due to 8800 standard candles at a distance of 1 metre, 
or, as it may be called, to 8800 candlo-motres ** Taking the lumi¬ 
nosity-sensation due to this illumination as the unit or standard of 
reference, the relative luminosity of a patch lighted by rays token from 
any parts of the spectrum can l>e deduced from Abney^s luminosity- 
curve for the normal electnc-light spectrum.^ For example, a purple 
colour-patch was formed by combining the red between XC380 and 
A 6600 with the blue-violet between A 4250 and A 4370. The area 
enclosed by the curve and the ordinates meeting the horizontal axis at 
6380 and 6600 was found to be 0 0361 of the whole, and the corre¬ 
sponding area for the blue-violet 0*0027 The luminosity of the purple 
patch relatively to that of a piece of white cardboard illuminated by 
8800 candles at 1 metre was therefore 0 0361 + 0 0027 « 0 0388 The 
variation from time to time of the intensity of the souroe of light, 
though no doubt considerable, is for the present purpose unimportant 
Approximate values for the ilhunination of the white disc due to 
light reflected by the mirror C, fig. 3, and passing through the 
apertures in the diaphragm 0, are given in the following table 


U 2 


• ‘ Phil TVausV A, veU X93 (18W), p 2^ 
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Table L 


Anorture 

No 

Diameter 

mm 

Candle metres 

1 

14*2 

5600 

2 

11 4 

3600 

3 

8*6 

2050 

4 

5 4 

800 

5 

4 0 

440 

6 

3 2 

280 

7 

2 4 

160 

8 . . 

2 1 

120 


Method II —It ifl showti m fig 6 how the colour-patch may be 
viewed directly by means of a Huyghena* eyepiece A diaphragm 
having an aperture of 1 cm. is fixed in front of the prism (F, fig. 
and 18 seen in the eyepiece in hen properly placed as a sharply defined 
hnght disc illuminated by the coloured rays passing the slit-screen I 
The apparent diameter of the disc m about one-fourth of that of the 
field of view. Its coloration is sensibly uniform, but the method cannot 
1x) used to combine widely separated portions of the spectrum, and only 
a single slit was generally opened The white light, which in the pro¬ 
duction of the pulsative after-image alternates with the coloured light, 
passes thiough the ins-diaphragm P, and the lens Q to the silvered 
mirror S, thence it is reflected to the unsilvered mirror T of thin 
plate glass, which directs some of the light upon the eyepiece V For 
most observations pieces of ground-glass were placed behind the ins- 
diaphragm P and before the collimator-sht in order to subdue the 
light 

Method III —The apparatus is arranged as in fig. but for the 
white cardboard screen there is substituted a piece of ground-glass 
covered with opaque paper, in which is cut a circular opening 1 cm. in 
diameter, the colour-patch and the concentnc white-hght disc being 
projected upon the opening At a distance of 9 or 10 cm. behind the 
glass is placed a Huyghena’ eyepiece, its position being such that the 
field of view is just filled with the coloured hght. By the aid of thu 
device observations can be made much more satisfactorily than when 
the image upon the ground-glass is viewed merely by the unassisted 
eye Bays from any part of the spectrum can be combined; but the 
absence of a surrounding white ground with which to compare the 
colour of the pulsative after-image is often found to be inconvenient* 
For some of the experiments a screen of thick brown |Mper attached 
to the rooking arm of a metronome was arranged to echpse the 
spectrum rays periodically, without obstructing the white light; thus 
the pulsative image and the white light were seen in the eyepieoe 
altematdiyr each for a period of a little more than one second, and it 
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beoame eaetier to ]udge of the colour of the image. He irjs-diaphragm 
was covered with ground-glass* 

MHhod IV —This is not a colour-patch method^ but an ordinary 
spectroscopic one, the immixed spectrum aagdispersod by the prism 
being, viewed through a tubeless telescope The eyepiece Y (fig. 71 


Via 6 Fia 7. 



oocupies the place of the sht-screeu behind the disc H, white light is 
reflected into the eyepiece by the silvered mirror S and the clear 
plate-gksB T, as in Method II A sheet of ground-glass takes the 
place of the iris-diaphragm, which is removed The arrangement is 
m all essential respects similar to that adopted by Mr Burch,except 
that the reflected white light is denved from the electno arc instead 
of from the sky, its intensity being capable of wide variation. About 
one-third of the whole length of the spectrum can be seen at once; the 
eyepiece is so directed that the spectrum may occupy only the lower 
half of the field, while the white light, when admitted, fills the whole 
of it 

()rd%mry NegaHve Aftm'^iagei --^The apparatus, whether arrwiged 
lor the projection of a colour'^patch upon a screen or for observation 
with an eyepiece, is exceedingly well a^pted for the study of ordinary 
negative after-images. The zinc disc H is set so that a coloured 
imAgO u formed upon a Uaok ground; after this has been gazed at 
for 10 or 20 seconds, it is obliterated by turning the dise through a 
* *Bqy,6oe. Pioe.,*vol.66,p. 215. 
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small angle, a white patch of any denred Innunoutjr appeanng in its 
place. '!^o hues of the negative images seen upon the white patch 
ai‘e often very different from those of the piilsative images formed 
when the disc is rotating continuously 

III Pulmhvf Iiiuujn due to rmums Coloui^ 

lied ,—A red colour-patch formed on the ecreon by u cumhinatton of 
rays extending from the oxtrouio limit of the epoctrum to \ 6450 gives 
no pulsativo after-image at all, the white light disc, whate% or may l>e 
its intensity, appeanng white throughout If the slit is further opened 
to admit rays up to X 6320 a faint blue-green image is seen upon the 
white-light disc, provided that the latter is not too strongly illumi* 
nated ^ with aporturos greatoi than No 5 of the diaphragm 0, fig 3, 
the blue-green image disappears The absence of a pulsativo image 
after a low red is, no doubt, in groat measure duo to the supenor 
persistence of this hue, for the ordinary after-image is quite distinct 

In general the pulsativo images of red, or of red and orange mixed^ 
are of a blue-green tint, exceeding in brightness and apparent satura¬ 
tion those due to any other exciting colours. Perhaps the strongest 
effect was observed when the colour-patch was illuminated by rays 
from about X 6100 to X 6550, aperture No 4 of the rotating 
diaphragm being used for the white-light disc No pulsative image 
of the red can, however, be formed unless the luminosity of the patch 
is fairly great 

With the eyepiece methods a feeble pulsative image was excited by 
red in the neighboiu'hood of the B Ime Its hue appeared bluish with 
a slight tmgo of green. In other it»pects the results for red were 
ttumlar to those obtained by Method I. 

On^nge —A colour-patch was formed by mixing rays from X 5800 to 
X G160 Its ordinary after-image was bright sky-blue. The pidsa- 
ti\B imago upon the screen appeared a rather dull blue-green with 
aperture No 2 of the rotating diaphragm and green-blue with 
apertures 3 and 4. The eyepiece method showed the colour as 
Uii 0 -green, paler than that excited by red 

Yellow ,—The ordinary after-image of a patch of yellow, X 5700 to 
X 58dO, was blue-violet The tint of the pulsative image on the screen 
was a pale nearly neutral grey, pinkish when the illumination was 
weak, bluish when it was strong, A slightly more orange y^low, 
X 5700 to X 5980, gave an image of nearly the same cluster but 
a little stronger When the eyepiece methods 11 and III were 
employed with yellow, the pulsative images were exceedingly leeble^ 
and generally appeared to contain a trace of pmk. The image duo 
to a gremiidi-yeUow, X 659Q to X 5740, woe more decidedly pink or 
piUe purple. Similar effisets were obtained when the exciting yellow 
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was produced by nuxing red and green rays. An orange-yellow, 
made by combining the spectrum rays from the extreme red to 
X 5340 in the green, had a alate-colourod or nearly neutral pulaative 
image, the addition of a very little more green turned the image 
pink 

Qrttn —A colour-|)atch snfiiciently illuminated by green rays taken 
from any part of the spectrum between groenish-yellow and greemsh- 
Mue incluBive (about X 5750 to X 5050) produced a pink or dilute puiple 
pulsative imago, the purple was strongest when the exciting colour 
«as a full green, but it never reached an intensity equal to that of 
the blue-green excited by red when the conditions wore most favoui*- 
.ihlo On the other hand, there can bo no quostion tliat a purple 
pulsative imago after groon is much more easily produced than a blue- 
green one after rod, a fact uhieh tends to indicate that, at least after 
H short period of repose, the colour-sense organs become fatigued moia 
quickly by green light than by red It seems to bo generally believed 
that the rod sensation is more readily exhausted than the green * 
llood,t however, attributes the well-known intolerance of all full 
greens to the fact that green light exhausts the nervous power of the 
eye sooner than light of any other colour,” this exhaustion being 
“pioved by the oliservation that the after-pictures • are more 
vivid with green than uitb the other colours” The results of my 
own observations lead me to think that while after a prolonged gaxe 
at bnghtly illuminated colours, blue-green after red is more con¬ 
spicuous than purple after green, the opposite may be the case when 
the exposure has lieen brief or the illumiiiatioii feeble In the cose of 
the p^sative image, however, account must be taken not only of 
fatigue, but also of pei'sistence and of the latent period during which 
the first impact of light upon the eye fails to produce any recognisable 
sensation. 

Mue —Though the ordinary afterimage of blue is orange, the 
pulsative image upon the screen was generally seen as some form of 
impure purple, variously desenbed as dull pnk, salmon, or flesh odour. 
The same was often the case when the eyepiece methods were emi^oyed. 
Among the blues tested were a mixture of X 4700 to X 4950, and one 
of X 4550 to X4760, liesidas many others of which the limiting wave¬ 
lengths were not determined By Method II a good orange-yellow 
image eoold always be produced from the last-named blue, provided 
that the illumination was sufficiently strong and the various lumi¬ 
nosities carefully adjusted 

md VvAei —^The ordinary after-image is yellow. The 
aereen method showed scarcely any image at all for light of wave* 
lei^gths less than about X 4500. With the eyepiece methods the image 

• Foster, ^Teit^book of Phrtiologj,* 6th edltioe, p 188S. 

f ^Modern Ohromatws,* Sad sditieii, p. 305 
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tisually appeared as a pale blmsh-pink, which could be closely matched 
by blue-violet diluted with much white. The persistence of violet 
impressions is very great, and it is not unlikely that the blmsh-pink 
image was due merely to the intermingled action of the violet and 
white-light rays (as in a Maxwell’s disc), and was not a true pulsative 
after-image In the circumstances mentioned in the last paragraph, 
when blue light gave an orange pulsative image, blue-violet also gave 
a yellow one, the persistence of blue-violet being less with strong than 
with weak illumination* 

Parple —A bnght purple was made by combining red, X 61 HO to 
X 6810, with blue-violet, X 4330 to X 4420 The ordinary after-image 
of the red alone was blue-green, and that of the purple grass-green. 
The pulsative imago of the purple formed on the screen was, however, 
blue-greon, and when the aht admitting the blue-violet light was 
alternately covered and uncovered, no change in the colour of the 
image could be detected 

IV Pitlmivoe Aficr-tmage of THitie* 

Peeomhtnetl Spfeintm - If the slit-frames and their appurtenances aie 
removed from the slit-screen 1, fig 3, the whole spectrum is i* 60 imi- 
bined by the lens K, and forms upon the screen L a white colour- 
patch,” the illumination of which can lie varied in a known manner by 
changing the width of the colhmator-slit The illumination of the 
« white-light disc” (which, during an experiment, alteinates with the 
white colour-patch ”) can also be adjusted to certain known intensi¬ 
ties A large number of experiments, which need not lie desonbod in 
detail, were made with vanous illuminations of the white colour-patch 
and the white-light disc The colour of the pulsative images of 
the white patch, which is not in general neutral like that of the ordi¬ 
nary after-image, was found to depend not only upon the absolute 
values of the two illuminations but also upon their ratios. Broadly 
speaking, it may be stated that with feeble illumination the patch 
appeared yellow (probably only an effect of weak intermittent light), 
with very strong illumination it was a neutral grey, and with all such 
intensities of illumination as are ordinarily employed it appeared a 
more or less deaded purple 

In my former paper reference was made to the purple taut assumed 
by a wlute card when seen through the original black and white disc, 
and a distinguished physiologist, who saw the effect, expressed the 
opinion that the colour might be duo to the ^‘visual purple." In die 
l)^ht of the observations described in the present paper, it seemed 
P^Ue that the {henomenon xmght be explaoned by the hypothesk 
that Ihe purpk was really an after-image of the green compon«t 
which, amrding to the Young-Halmholts theory, is contained in the 
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white light. All the various components set up fatigue after a 
moment’s action, but green more than the others, if, therefore, the 
green stimulus were diminished to an extent corresponding to the 
excess of fatigue which it produced, the tint of the pulsaUve image 
might 1)6 expected to become neutral, like that of the ordinaiy nega 
tive after-image Diilerent parts of the green portion of the spectrum 
weie acGOidingly cut out by interposing strips of black card of various 
widths, and it was found that when the green rays from X5030 to 
A 5470 were intercepted, the tint of the pulsative image was absolutely 
neutral. 

irhtU cmipmnd^tlftovi lied and Bluc-g'iten — Such a white always gave 
a pink pulsative image—a fact which confirms the inference donved 
from previously described olisorvatioTiH that the blue-green sensation 
IS, after an inteival of repose, moie readily fatigued than the rod 
sensation 

White iomjmmded Yellow and Blue^ —A white colour-patch was 
formed by combinuig a blue of A 4530 to A 4710 with a yellow of A 5650 
to A 5860 The colour of the pulsative image was rather doubtful, but 
an artist (who did not know what to expect) unhesitatingly pro¬ 
nounced It to be follow Since the Young-Uelmholtz theory supposes 
that yellow excites the green sensation, tins lesult was unexpected. It 
18 also opposed to the usually received opinion that the sensation of 
yellow 16 more readily exhausted than that of blue * 

V Pidmhve Lmrfes of Complete Spectrum 

The spectrum was projected upon a screen covered wuth white card¬ 
board, which was put in the place of the slit-screen, as shown in fig 8 

fia.8. 


I 



The beam of intermittent white bght was reflected upon the soreen by 
means of a mirror and formed an oblong bright patch upon the site of 
the spectrum The upper part of the mirror was covered a screen, 
so axranged that the site d the spectrum was longitudinally divided 
into two equal parts, the lower of which was expe^ to intmKdttent 

e Foster, foe. 
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wlutB light, while the upper was not Thus the spectrum and its 
piilsativo image could l>o seen together, the one alKive the other. At 
tirst sight the pulsntiie image appeared to contain only two colours*— 
Idue-greon corresponding to the spectral red and orange, and purple- 
pink corresponding to the green. Closer inspection revealed a pale 
grey band between the blue-green and the purple, and a feeble tint of 
lavender corresponding to the blue of the spectrum. Nothing at all 
could be seen beneath the violet and the extreme red. The boundancs 
of the several colours of the pulsativo image were found to be roughly 
as follows —Blue green, X 6800 to X 6000 , grey, X 6000 to X 5800 , 
purple, X 5800 to X 5000, la^ endor, X 5000 to X 4300 

Observations were tilso made of the changes undergone by the red 
and green of the pro]o( ted spe{ trum when the illumination was varied 
by altering the width of the oollimator-sht With a width of 0 06 mm. 
neither of the spectrum colours wiis at all affected, they appeared 
simply as mtormijitent red and green. With 0 125 mm the green had 
beeme transformed into u pm pie, intermixed with which a little green 
could sometimes be glimpsed, this latter completely disappeared when 
the akt was made 0 2 mm u nle, the apparent colour being with this 
and all greater widths of slit a steady purple At the same stage 
(0 2 mm ) rod was still seen as led, though a flicker of blue-green could 
bo detected upon it At 0 45 mm rod appeared as blue-green with a 
red flicker, which ceased to be perceptible, except along the extrema 
edge, when the width of the slit was increased to 0 5 mm With a 
silt of 0 94 mm wide the last trace of rod had vanished Thus the 
more ready exhaustion of the green sensation is again evidenced. 

VI Colour Changes with Revered Cycle. 

If the cycle is reversed by making the sine disc turn in the opposite 
direction, most of the aiiectrum colours undergo remarkable changes 
Bed becomes rose-purple, orange a diluted crimson, yellow is made 
much paler, as if veiled by a white base, green appears as blue-green, 
and blue-green as blue Blue and violet are very sbghtly affected. 
Very similar effects are observed when the disc described in Section I 
ui turned in the reverse direction. They naturally suggest that white 
light excites a blue or blue-violet sensation, the persistence of which 
exceeds that of any other fundamental sensation. 

VII. Exkinul and Border Phenomena. 

Some very remarkable and interesting phenomena are exhibited in 
the region of the visual field immediately adjacent to that upon which 
a "palsobve after-image ” is being product. It is a matter for eor* 
prise that one should be aUe to perceive after-ixoages without 
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any indication whatever of the colours to which they are duo, but it» 
perhaps even moie surprising to find that parts of the rotiiui upon 
which the intermittent white light does wt fall may also be absolutely 
blind to the evciting colour 

The effect in question u conveniently demonstrated by the airangiv 
ment illustrated in fig 9 A piece of clear glass, upon which la 

Pie V 



gummed a small cu do of block paper or tiiifoil, is fixed behind the 
ms diaphragm P, fig 3, and thus a lound black spot, 0 6 cm in 
diameter, is formed at the uontie of the white-bght disc projected 
upon the screen L In fig 9 the outer circle repiesents the white- 
light disc, the shtuled circle the colour-jiutch, and the inner one the 
black spot upon the w hite-light disc Suppose the colour-patch to bo 
green When the apparatus is workod, the shaded circle becomes 
purple, the site of the black spot, being illuminated five or six times 
HI a second by gioeu light, might be expected to appear green, but if 
viewed from a cUsUuoe of 30 cm or moro it remains perfectly black 
throughout, under normal conditions no trace of a flicker of green 
light can be seen upon it The apparent width of the Mind r^on 
adj'oimng the site of the pulsative imago, therefore, exceeds half a 
degree. 

This induced blindness is most conspicuous when the light is green, 
and hardly less so when it is yellow , it does not oocur at all with 
extreme rod nor with violet light, which illuminate the site of the bUtek 
spot quite strongly, but its absence u certainly not entirely due to 
the inferior lumiuoeity of those hues With a very narrow sht green 
can indeed be seen in the central part of the spot by an observer 
stationed quite near the screen, but if he is at a dutanoe of I'fi metre, 
the green light may be weakened by gradually olosmg tiie dit until 
the pulsative image completely disappears, yet no green is ovw seen 
upon ^e spot. 

The following are the results noted in one ezpemnent, when a slit 
was moved aoroes the spectrum from end to end. Bed was seen upon 
the iqpDt, at first nearly contmuously, than intermittently, until the elit 
mohM about A. 6220, when, unless the iUuinination was made very 
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feeble, tbe spot became uniformly black, remaining so until about 
A. 5000, at which point a blue flicker began to appear , at X 4700 tbe 
spot had become steadily blim Blue-violet and violet seemed to 
illuminate the spot much more steadily than red It was noticed that 
as soon as the black spot became distinctly coloured the pulsativo 
image almost disappeared^ the weakness of the pnlsatne images 
oxmted by light corrosponding to the two ends of the spectnim may 
therefore probably lie accounted for by supposing that the negative 
after-images become blended either with the primary images, or with 
positive after-images, or perhaps Tilth lioth, producing the efToct of 
white. 

It was found possible to observe these phenomena not only when the 
jsinc disc was spinning continuously, but even with a single properly 
timed cycle of (1) darkness, (2) colour-patch, (3) white light, (4) dark¬ 
ness When the spectnim light was green, there appeared for a moment 
A bright white disc with a perfectly black central spot, which was 
surrounded by a well-defined purple annulus (as m fig 0), the whole 
being free from any visible trace of green 

When a purple pulsative image excited by green rays was viewed m 
the eyepiece by Method 11, it was seen to bo surroiuided by a purple 
corona, which extended considerably beyond the well-dehned boondaiy 
of the aperture in the diaphragm (F, hg 3) Sometimes, indeed, when 
the illummation was strong, the purple of the corona appeared to be 
fuller or more saturated than that of the imago itself Moreover, a 
purple haxe of greater or less intensity always extended over the whole 
field of the eyepiece These phenomena are, of course, to be explained 
by the induced’* blindness to green light which was demonstrated by 
the black spot 

Certain border effects of an entirely different character were also 
observed If the rays illuminating the circular patch seen m the eye¬ 
piece were taken from the red, orange, or yeUow regions of the 
spectrum, tbe image appeared to be surrounded by a narrow red, or 
rather enmson, border. Measurements of the composition of diffmnt 
colour-patches which showed this effect include a red of X 6420 to 
X 6600, a reddish-orange of X 6200 to X 6280, an orange-ydlow of 
X 5890 to X 5990, and a yellow of X 5740 to X 5860 \ in the last case, 
the border was less conspicuous, but still recognisable with eertainty. 
With a greenish-yellow patch containing rays from X 5650 to X 57iM 
no trace of the enmson border could be detected. It turned out that 
these crimson borders could be seen when the intermittmit white 
was screened off, though they were less easily visible against the dark 
background than against the bright one They evidently belong to a 
elaas dl phenomena discussed in a former paper,^ in whhdi it was 

• *lloy. Boo. PtooTol. 00, p $08, ** On SubJoetiTo Ooloor-phonomottsattoediag 
of lllumhiaiim.** 
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their Sdation to eertain other Fieml FAewmeTux 

«hown that when a bright unage is suddenly formed upon the retuia 
after a ponod of darhuess, the image generally appears for a moment 
to be surrounded by a narrow red border The paper referred to con- 
tarns an account of an experunont* demonstrating that when the 
bright object producing the image was looked at through variously 
coloured glasses, the red border did not appear unless the glass used, 
when tested spectroscopically, transmitted rod light, and it was 
suggested that the phenomenon was due to sympathetic excitation of 
the ‘*red neivo fibres”lying immediately outside the portion of the 
retina exposed to the direct action of the light The orange and 
yeUow glasses employed in the experiment referred to of course 
transmitted red light, it is interesting to find that the pure orange and 
yellow rays of the spectrum, of wavelength not necessarily exceeding 
about X 5800, are competent to give rise to tlie same re<l 1)orders 
These effects can bo exhibited equally well by Methods I and II, the 
olisenations lioing rendered much easier by the aid of a device 
described in the former paper A darning needle, blackened with 
camphor smoke, is cemented vertically across the opening m the 
diaphragm F, fig 3, dividing the bnght <iisc which is piojected upon 
the screen or seen in the eyepiece into two equal parts Each half 
disc then has its red Inirder, and, if the intervenuig space is sufficiently 
narrow, the rod iiordors along the two contiguous vertical edges meot» 
or possibly even overlap, with the result that the focussed image of the 
needle should appear to be red This was the case when the sht was 
placed m any part of the spectrum between the extreme red and the 
greenish-yellow. With the slit m the greenish-yellow itself the imago 
of the needle appeared to be almost colourless, but as the full green 
was approached the colour became a rather dark shade of blue-green, 
and remained so until the sht reached about X 4500, near the beginning 
of the blue-violot, when the needle again became colourless In a 
colour-patch formed of the pure blue rays from X 4600 to X 4725 the 
contrasted blue-green hue assumed by the image of the needle was 
strikingly conspicuous The border-colour m question cannot easily be 
observed unless the intensity of the illumuiation is within certain 
limits; for, as in the case of the red borders which were discussed m a 
former paper,t the blue-green hue becomes transformed into its comple¬ 
mentary if the light IS very strong, and the needle appears reddish. 
For the green part of the spectrum it Is especially necessaiy that the 
illumination should be very carefully adjusted, indeed, the plmnomenon 
would probably never have been notic^ at all with green light if it» 
remarkable appearance when the light was pure blue had not first 
attracted attention. For the more refrangible part of the spectrum it 
IS desirable to place in front of the coUimator-sht a pteoe of blue glase 
s Sxpsiiment IV, foe ott,p 872. 
t * Boo Pros1887, toI. 61, p. S68. 
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which will obstruct tho rod rays ^ possible sources of error due to the 
reflection of rod light by tho prism arc thus a\oickd The origin of 
these blue-green borders is, no doubt, analogous to that of the red 
borders, but the matter requires more careful and thorough investigH 
tion than it has yet received. 

Though the image of the needle colourless when the patch was 
illuminated by the greenish-yellow rays of the sjiettrum, it appeared 
rod when the same hue was foimed by combining red and green lays 
Red borders wore also observed with a purple composed of red and 
blue rays, with a white composed of rod, green, and violet rays, and 
with another white formed by recombining the whole of tho spectrum , 
this last obseivation was, of course, practically a mere repetition in a 
sbghtly difFeient form of the one which formed the chief subject of my 
previous paper 

Ko coloured bordei of the same class has yet been observed when 
the colour-patch was illuminated by tho violet rays of the spectrum, 
Method II being the one employed Tho edge of the yellow pulsative 
imago M^as fringed with a pale violet nm, which, however, was wholly 
inside the geometrical Ixiundary of tho image and not external to it, as 
were the red and tho blue-green bonlers Red was very carefully 
looked for around the violet, but not found The so-called “ sinml- 
tanoous contrast effect was, however, very remarkable, the whole field 
of the eyepiece appearing of a strong yellow tint, often it was quite 
as strong as the colour of the imago itself, which could only be dis^ 
tinguished from the background by the narrow Molot nng surrounding 
It An equally remarkable effect was produced when the stimulating 
lig^t was blue, the ** contiast coloim ” being, like that of tho image, 
orange 


VIII Dtmimon of (he Observations, 

Nature of the Pubative Lmqe —^The phenomenon which, for brevity, 
has been termed the ** pulsative idter-image,’* may be d^ned as the 
negative after-image of a coloured object which is seen against a white 
ground after a very brief stimulation—1/60 to 1/30 of a second— 
following a period of repose A strange peculiarity inoidental to the 
formation of these after-images is, that under suitable conditions of 
illumination, the true colour of tho light to which the phenomenon u due 
altogether fails to evoke its appropnate sensation and is not perceived 
at all, the only colour seen being that of the after-image. The diffi¬ 
culty experienced m attempts to find a really definite explanation of 
this fact, and illustrate it by curves of sensation, is in some degree 
dimimshed by the singular ol^rvations upon the black spot." The 
black spot IS, of course^ merely a device for exhibitmg a oertaiii 
border effect ui a convement manner, A email disc of green h^ht » ^ 
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flailed upon a white screen for about a foTtieth of a second, and is 
immediately replaced by a concentnc annulus of white light During 
this process no green is seen at all , there appears only a purple annulus 
surrounding an area which is perfectly black The white light clearly 
has the effect of restraining the visual senBC-orgaiis adjacent to those 
upon which it falls from responding to the green stimulus It would 
seem to follow a foiiwn tliut the sense-organs directly acted upon by 
the white light must be similarly incajiacitated from evoking any green 
sensation It is not the fact that the green sertstition is produced for a 
momoiit and then swampcfl by a more jxiwerful white one so completely 
as to escape notice , it actually never comes into existence Neverthe¬ 
less, the efiects of fatigue by green are exhibited, and the physically 
white annulus is seen as purple 

It may be well to state that when once the necessaiy apparatus has 
been sot up and the various luminosities adjusted to the order of those 
specified, the “ black spot” observation is an exceedingly easy one 
No skilled observer is required for it^ it can be made at once by any 
one whoso vision is normal, and the phenomenon can at any time l>e 
exhibited with certainty 

No explanation of it can, I think, be aflordcd hy the Young- 
Helmholts theory of colour-vision in its current form , an independent 
white sensation must 1>o postulated, as by the theoiy of Honng. 

' And the observatioiiB point to the conclusion, even if they do not of 
themselves sufficiently prove it, that the latent period for a colour- 
sensation IS very much greater than that for white For green, under 
the conditions of my expenment, the latent penod must be at least 
1/40 second, while for white it can hardly exceed 1/500 second, 
though the luminosity of the two may be nearly equal. The latent 
p6n<^ for red is probably not very different from that for green under 
similar circumstances, that for blue being considerably greater but it 
IS not qmte certain whether the red and blue flickers seen upon the 
black spot are produced before or after the illumination by white 
light. I am inchned to think that the lattei is the cose, the negative 
after-image being followed during the period of darkness by a positive 
one. In all cases the duration of the latent period proliably depends 
partly, through certainly not wholly, upon the intensity of the 
illumination t 

If in a darkened room a ray of green light is admitted to the eye 
for a penod of 1/40 second, one sees a flash of green; but assuming 

* Seme preliiniiiary obserrationi by a method of which 1 hope to sabmlt an 
scoount at a future date indicated that^ under the ooaditlons of the experimente, 
the latent penod wee for red 0081 eeo., green 0 028 see, and for blue 0 040 eec 

t According to Bxner, **If the mtenntiee of the lUumtnstioa of an object 
Inmaee in geometneal .Mgreuiou, the times necessary for the pereopUon of 
/the aame decrease in trohmetloSl progressioo,*' * Wjon. Akad SiUber ,* toI. 68, 
Ali{h«tIXJ:,p.624il808. 



282 Dr. S BidwelL On NBgtUivt Jfttr-imagei, and 

that the suppontioTU which have been put forward are correct, the 
visible flash is not contemporaneous with the physical illumination* 
One does not begm to experience the green sensation until after the 
green ray which excited it has been shut off What is actually per¬ 
ceived IS, in fact, a positive afteMmage, the duration of which may bo 
considerably longer than that of the stimulus But if a sufficiently 
luminous white surface is presented ix> the eye immediately upon the 
expiration of the bnef period of stimulation by green light, the after¬ 
image formed will not bo positive but negative, and the only colour 
perceived will be purple The fatigue to which the negative image is 
due must have been sot up during the latent period when no imago at 
all was actually perceived It is noteworthy that if the white 1»ack- 
ground is eclipsed by black Iiofore the expiration of the period during 
which the positive after-image normally continues, the purple negative 
aftor-imi^ is seen to bo followed by a green positive one, a hich appears 
HS a bright object upon the daik ground 

One other point requires notice According to Honng’s thcoiy, rays 
of every wave-length excite not only the sensation of a colour but 
also that of white Supposing therefore that the colour-sensation lags 
behind the white-sensatioii, Me should expect that when the zinc disc 
IS turned, the black spot, oven if no colour showed upon it, would 
appear more or less grey This, however, is not the fact, at least to 
any perceptible extent, on the contrary, the sp^t appears more 
intensely black when it is illumumted by intermittent green light than 
It does when the green light is screened off In the latter case (when 
no light whatever falls upon it) the spot seems to be veiled by a faint 
haze, the origin of which I have traced to a phenomenon attending 
sudden changes of illumination described in a former paper.* The 
** black spot” phenomena are therefore not fully in accord with either 
of the leading theories of colour-vision. 

Jted md €hem jBenfw t —The narrow red and blue-green borders 
which appear to surround colour-patch images formed from different 
parts of the spectrum obiiously point to the excitation of funda¬ 
mental red and blue-green colour sensations, the effects of the 
excitation being sympathetically extended beyond the geometrical 
boundaries of images projected upon the retina. Bed borders are 
exhibited by colour-patches formed from any mixtiwe of spectral rays 
which contams a considerable proportion of red, they also appear 
around patches illummated by the simple orange and yellow rays of 
the spectrum (though with the latter they are feeble) and around 
white patches. With mixtures of spectral rays from which red, 
orange, and yellow rays are excluded, they are never seen. A blue- 
green border, on the other hand, appears only when the green or the 
blue of the spectrum enters into the oombination, the addition of Uue* 
* See <Bo 7 Soo Prw./ vri. tO, p SYO, eqf^eritteat I ft). 
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violet and violet having no sensible effect, while an admixture d red, 
orange, or yellow causes the border to liecome red The intensity of 
the led borders is much greater than that of the blue-green, and if 
the two could occur together, the blue-green would no doubt be over¬ 
powered According to Bering’s theory the red and blue-green 
fundamental sensations, lieing antagonistic, cannot both lie excited at 
the same time, and it is to bo remarked that those spectral rays which 
are leas refrangible than the greenish-yellow proiluee red borders, 
while those of refrangibihty intermediate between greenish-yellow an<i 
blue-violot produce blue-green borders, which is nearly what the 
Henng thooiy would require According to the most recent exponents 
of the Young-Helmholtz theory, green spectral rays excite the funda¬ 
mental red sensation to about the same extent as orunge-red rays, 
yet no red boi dor is formed by the green, though that formed by the 
orange-red is very strong If the pieseiice of these borders may be 
taken as affording evidence of the excitation of fundamental coloui- 
Kensutions, the evidence so far is in favour of Bering’s views But on 
the other hand the fact that the red liorders can bo causer] by all kinds 
of white light seems to show that white excites the fundamental rod 
sensation, while there is some evidence in Sections IV and VI that it 
excites green and blue or violet colour-sensations as vrell No indica¬ 
tion as to what one or more colour-sensations in addition to red an<l 
blue-green are fundamental ones has yet been affordet) by the class of 
border phenomena under discussion 
SmnUanem^s CorUmst —When a purple piilsutive imago of a very 
bright green patch is formed upon a white ground by the eyepiece 
method, the whole physically white field appears to be strongly 
purple, a fact which shows conclusively that the phenomenon of 
simultaneous contrast may in certain cases be absolutely independent 
of mental judgment It cannot be that the ground appears purple 
simply from contrast with green, for no green ivhatever is consciously 
perceived; the cause must necessarily be a physiological one* Similar 
remarks apply to the orange and yellow fields which accompany the 
pulsative images of blue ahd violet patches It is cunous that with 
a red patch the colour of the field is but very slightly affected* 

Bi^ while tiiese observations show that in certain cases the so- 
called contrast effects must have a physiological origin, it is beyond 
question that this is not invariably so* Some of Belmholtz’s well-known 
experiinente leave no room for doubt Uiat mental judgment la some¬ 
times the sole cause of contrast phenomena. 

Cdoura of the Puhahve The chief results of the colour 

49X{»iiment8 are collected in I^ble 11. One of the most noticeable 
feirtittiiBS IB the superior intensity of the pulsaUve afteMmages of red 
wd green; another is the intrusiveneas of some form of purple, 
after green is, as before mentioned, more easily obtainable than 
vou ixvtn. X 
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my other colour, and if the appearance of purple in the pnlaative image 
may be regarded as a test for the presence of green m the hinunoiiR 
objett, then it appears from Nos 4, 8, and 9 that green is a constituent 
of yellow, of blue, and of white 

Tabi^ II 
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The weakness of the pulsative image of yeUow is remso'lcable, and 
cannot be readily explained. If a yellow oolonr-patidi u fonned \sy 
combiB^g red and green mys, and the image is tium put dighdy <Nlit 
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Ths Solar Aci%v%iy 1833*1900 

of focus by moving the screen 3 or 4 cm, nearer to the lens, there 
appear two patches, one red the other green, which overlap one 
another, the part common to both being yellow. In the pulsative 
image the red and green become respectively blue-green and purple, 
while the overlapping portion is almost colourless. Possibly b^h the 
pulsative colours are less blue than they should be, with the result 
that their combination produces white or grey 

The difficulty of forming a satisfactory pulsative image from blue 
and violet is no doubt to bo accounted for hy the superior persistence 
c>f those colours \Vith stronger luminosity than can be obtained by 
the method of projection or by the use of pigments this difficulty is 
flimmiahed, for then the greater pirt of the luminous impression 
vanishes more quickly 

Though the work of which an account is given in the present paper 
has occupied a large amount of time, it is obvious that the subject is 
fur from being exhausted Several doubtful points lemain to lie 
cleared up and ap|mrent discibpancies reconciled, udiile of a number 
of remarkable phenomena which presented themselves no mention at 
all has been made With more refined appaiatus than that at present 
at my disposal, similai methods of oxpenment might bo expected to 
jueld important contributions to the theory of coloui^vision. 


“The Solar Aetuity 1833-1900” By WirxiAJtf J S Lockier, 
MA, Phi), FRAS, AftsiHlaut Duector, Solar Physics 
Obseivatoi}. KeuBington Communicated by Sir Nokhan 
Lockyer, K C’ B , F 11S llecened April 29,— Bead May 23, 
1901. 

Inti<darhm, 

A close examination of the curves representing the varying amount 
of spotted area on the Sun’s surface, shows that no two successive 
cycles are alike either m form or area The indivuluabty of the cycles 
seemsi on further inspection, to bo repeated after a certam period of 
time, and this peculiarity, coupled with a like \ariation in the curves 
representuig the variations of the magnetic elements, aiul with suspected 
cycles of change in various terrestrial phenomena, suggested a new 
investigation of the whole subject 

The object of this communication is to place before the Boyid 
tJooiety the first results which an examination of the various records 
has furnished. 

Dr. Budolf Wolf,* of Ziinch, from a study of the sunspot observor 
rioos made up to end of 1875, dren attention to the facts, to use 

• * Mem B iitran fioc / tol 43, p aOD. 

X 2 
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hi8 own words, that ** la frequence des taches solaires persisto 4 changer 
pfSnodiquement depuis leur d^couverte en 1610; que la longuetu 
moyenne de la p<(n^o eat de 11^ ana, et quo cotte mime p^node satia- 
fait a\ix chatigcmcnts de la \aiiation iuHgu4tiqtie, et tn6me de la 
frequence dea aurores bor4alea ” 

Dr Wolf was careful to point out that it was only the 7neafi length 
of the solar period that covered a period of 11^, years, and that the real 
length of any one period might differ from this value by as much as 
two years The form in which he stated this result^ was 

T* 11111 ± 2,030 (ala Schwankung) ± 0,307 (als Unsicherheit), 

where T represented the length of the period, ± 2,030 the variation 
from the moan value, and ± 0,307 the probable error of the deter¬ 
mination 

His attention was also drawn to the fact that the times of maxima 
did not occur a constant number of years after a preceding mmimum, 
and he was led to determine the mmn time of occurrence of the maxi¬ 
mum after the preceding minimum and of the minimum after the 
preceding maximum, giving the mean intervals as 4 5 and 6 5 years 
respectively 

Furtherr he at first concluded that the total spotted area for each 
period was nearly constant, but, as he later remarks,t this view could 
not be held, as these quantities not only vaned but indicated “ eine 
bestimmte Oesetz-mhssigkoit ” The length of the period of this varia¬ 
tion he gave as about 178 years, which covered practically sixteen 
ordinary sunspot periods (“11,1111 x 16 « 177,7777.") 

Somewhat later Dr Wolf was led to suggest a sh<^er period of 
65*5 years, which oompnses about five ordinary eleven-year periods. 

In a recent paper! Professor Simon Newcomb has published the 
results of his investigation of the irregularities m the successive sun¬ 
spot periods, using as a basis Dr. Wolf’s numbers up to the end of 
1B72, and the spot areas as derived from the Greenwich reduction of 
the solar photographs taken doily at Greenwich, Dehra Don, and 
Mauntius 

The final conclusion at which he amves is summed up in the follow¬ 
ing paragraph — 

“ Underlying the periodic vanations of spot-activity there is a uni¬ 
form cycle unchanging from time to time and determining the general 
mean the activity/' 

Professor Newcomb mentions, however, no length of period for this 
cycle, but speaking of its origin he remarks, “ whether the cause of 
this cycle is to be sought in something external to the Sun or within 

* * HittheiL,* Wolf, 187 | p. 40. 
t'A«lwoiuMltthea.U876,p 47 
$ ^ Ihs AHro-Phyritfol Jonnis]/ voL 18, So. ), 1901, p. 1, 
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tt , whether, in fact, it is in the nature of a cycle of variations within 
the Sun, we have, at present, no way of deciding*” 

In the investigations on periods of solar activity most workers have 
relied simply on Wolf’s numbers, which are given by him back to the 
rear 1749 Any one acquainted with these knows that from the time 
observations of the Hun’s surface were commenced by Hofratli 
Schwabe (1833), these nutniiois agree very closely with the actual facte, 
but before that date, the nuniliers are liased, not on facts alone (which 
W 616 not very numerous), but on a system of “ moaning,”^ suggested 
by the results of the observations from 1833 to 1876 

Although then Dr Wolf was able to present us with a curve deahng 
with the spotted area from 1749, it was decided for the present oommii- 
nication to limit the discussion to those relative numbers which are 
l»asod on the actual systematic observations since 1833. This neces- 
sanly restneted the investigation to a comparatively short number of 
years, namely, sixty-suc (1833-1899), but it was thought that any 
vamtioiis detected, if greater than any which might be justifiably 
(onsidered errors of observation, would he based on sound facts, and 
not on uncertain data 

The important magnetic results obtained from a discussion of the 
(Ireenwich Observations by Mr, William Ellis,t placed at my disposal 
n most valuable check on any variation that might bo obtained from 
the sunspot curves, Mr ElUs having shown that the curves for the 
magnetic elements are in almost exact accord with those of the sun¬ 
spots obtained by Dr Wolf In this connection Mr Elhs writes^ 

“ Cionsidenng that the irrogulanties in the length of the sunspot 
penod so entirely synchionisc with similar irregularities in the magnetic 
period, and also that the elevation or depression of the mammuxa 
}iomts of the sunspot curve is accompanied by similar elevations and 
depressions in the two magnetic curves, it would seem, in the face of 
such evidence, that the supposition that such agreement is probably 
only aomdental coincidence can scarcely be maintained, and there 
wodd appear to be no escape from the conclusion that such close cor¬ 
respondence, botl^ 111 period and activity, indicates a more or leas 
liirect relation between the two phenomena, or otherwise the existence 
of some common cause producing both. The sharp rise frmn minimum 
epoch to maximum epoch, and the more gradual fall from maximum 
epoch to minimum epoch, may be pointed out as charaetenstic of all 
three curves.” 


* Vet Woirt ttsthod of *'mssnliig'* see' Aetnmomieohe lAktheiluagsn,* von 
Eiutolf Wolf, Zanoh, 1976, p. 89 nq* 
t ^Boy.6«o,Frao*,' vol 63, p. 64. 
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The SuiiopcA and Magnetic Ejwrh mployrAL 

As this paper deals zaainly with the times of minima and maxima 
of both the sunspot and magnetic curves, it whs necessary to utibso 
the I'esults obtained from curves which had been “ amoethed,*' as the 
original curves are of a subsidiary oscillatory character, especially at 
maximum. 

The sunspot curves just referred to are reprotluord in hg 1 They 
ate so arraugo<l in order of date that each individual curve can l»e 
examined separately The times of succeeding mtnum are arranged 
vertically under each other, so that any variation as regards accelera¬ 
tion or retardation of the following maxima, and any inequality in the 
length of the period minimum to minimum can be seen at a glance 

Up to the sunspot maximum of 1870 6 Dr Wolf has published* 
the dates of those epochs, and those aie utilised here The more 
recent epochs have been brought together by Mr Ellis,f and these 
complete the data available up to the last epoch, namely, the maximum 
of 1894 0. 

Each of those epochs is indicated in fig 1 by a short arrow with 
the correspoiKling dates The magnetic epochs hero used are those 
published by Mr Ellis in the paper just mentioned, and obtained from 
curves smoothed similarly to those of the sunspot curves Unfortu¬ 
nately the observations be discussed only commenced in tbe beginning 
of 1841, so that comparisons cannot lie made previously to tbis date 

The smoothed curves obtauied by Mr Elbe are not here reproduced, 
but they will lie found m bis valuable paper| published m 1880. 

The Stinsy^ Curies Mtnttnum to Mammm. 

In the followmg table are brought together the dates of the epochs 
of maxima and miiuma — 




’'I 

Sunspot epochs (Wolf) 

Maximum 



minus 



minimum 

Minimum. 

Mfiximum 

years 

(1) 1888 9 

1887 a 

8 3 

(8^ 1848 fi 

1848 1 

48 

(8) 1856 0 

1660 1 

4 1 

(41 1867 8 

1870 6 

8 4 

(6) 1879 0 

1884 0 

6 0 

(6) 1890 8 

1 

1894 0 

3 8 

1 

1 

1 

Mean 4 08 


* * M«m B Aftron Soe,* vol 48, flOS. 
t ‘ Boy. 8oo Pwww>l. 88, p. 87 
I - PhU Tnuw./1880, Part II, Plata 82. 
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If tbeae figures m the last column be iiUhsod fis ordinates and the 
time element as abscisste, the curve m fig 2 (curve B) is produced. The 
peculiarity of this ciu^ve is that wo have a very rapid nse to a maximum 
111 1843, and slow fall to the minimum in 1867. This is followed 
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by a Bixnilar rapid rise to the next maxnnum in 1879 end a ^adnol 
as far as observations at present indicate. 

The curve thus indicates that tbere u some law at work which 
'introduces a secular variation by retarding tiie sunqwt maxima in 
nslntiM to the preceding minima. 
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The period of this retardstion can be deduced by taldiig tiiie 
interval between the times of maxima or minima this aeouhti 
variation cuive By considenng the minima, te, from 16339 to 
1867‘2, we have a jMinod of 3J3 >ears, andif we take the maxima 


I'la 2. 



at 184'3'6 and 1870 0 we obtain S5'6 yean. The mean of these two 
I aluee gives a period of 34 4 years. 


The Oumt. Mtntinm to Mmmmt, 

Mr. BUia’s values for the dates of the magnetso epochs were wvestb 
gated in exactly the same way as the sunspot spotdii Were eaandned. 
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It may be again mentioned that as the obsenrations he reduced <mly 
t>egm in the year 1841, no comparison can be made iiith the epocha of 
1833 9 and 1837 2 

Forming the table of maximum mmm minitnum as before and adding 
in the last column the values of maximum minm minimum of the 
sunspot curves from the previous table for the sake of componson, we 
hcivo as follow'8 — 


Ifagnotio epoulu (IMIih) 

Maximum minimum 

Muumum 

Mfiximuui 

M aguetic 

Snnipots 

j 

(1) — 


_ 

1 

8 a ! 

(2) 1848 60 

1848 5j 

4 06 

4 6 

(S) 1866 16 

IMbO 40 

4 25 

4-1 

(4) 1867 66 

1H70 86 

8 80 

8 4 1 

(6) 1878 85 

1888 60 1 

6 05 

5 0 

(6) 1886 76 

1803 76 j 

4*00 

3 8 


Thu nearly complete parallelism of tho numbers lu the last two 
columus indicates their stnct accord with each other. 

The curve showing this magnetic vanation is given in fig 2 
(curve C)> and it is ptactioally a counterpart of curve B 

The v^ue for tho length of the penod, us gathered from the interval 
between tho two maxima of this curve at 1843 60 and 1878 85, is 
35 25 years, which does not differ very much from the value deduceil 
from the maxima of the corresponding sunspot curve, namely, 35 5 
years 

Smup&t and MafjnfUc Cmw Comhned. Mmwiuvi to Maxwimnu 

By combining the values of the intervals (minimum to maximum) 
from both the sunspot and magnetic curves, their mean values can bo 
determined as shown in the last column of the following table, the 
general mean for the whole penod being added below — 


From minimum occuiring 
sbou6 

Mean of lansTOt and magnetic > 
interrals in years* 


ri) 1888 

8*8 


’8) 1848 

4*77 



4*17 


4) 1667 

8*86 


5) 1679 

6*26 


[6) 1800 

8-00 


* 

Mean 402 
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Since these numbers cover more than a complete oycle> they may be 
combined so that mean values for the intervals mnumiun— 
may bo obtained for those epochs when the intervals have their 
largest, intermediate, and smallest values Thus in the years 1843 
and 1679 the maxima followed the minima in 4 77 and 5 25 yocirs 
lespectively, the mean interval thus being 4 91 years For the inter¬ 
mediate stage (combining (3) and (6) ) a value of 4 03 years is found, 
while for the minimum interval comlnnuig (1) and (4) this value 
3 32 years 

The artvnl epoch of miximintb ichUipe to the et eihng niimnmm oacillnffs 
iihoiU the vabiei ttn gieatest artipMudc hctvg la the mean 0 8 yea) 


llie Total Sunspot Area^ Mimmmi to Mintr/itm, 

The great divergence in the amount of spotteil area dumg consecu¬ 
tive eleven-year cycles suggested that perhaps tins penodical retarda 
tion of the maxima with respect to the each preceding minimum npght 
be accompanied by venations following the same law It was observed 
that when a maximum occurred comparatively soon after a minimum, 
the tendency of the whole spotted area for that sunspot period was to 
increased 

I have been permitted for this inquiry to utilise the values which 
have quite recently been obUuned at the Solar Physics Observatory 
fiom a new reduction of the curve lepresenting the solar spotted area, 
and these values, representing the total spotted area in millionths of 
the Sun’s visible hemisphere from mimmiim to minimum, ore given ni 
the last column of the following table — 


Sunspot period from 

Total spotted area 

From mlaunum 

to mmunum 

1888 9 

1848 6 

8C 008 

1848-5 

1866*0 

85 201 

1866 0 

1867 2 

111 514 

1687*2 

1879*0 

126 188 

1879 0 

1890 2 

78 858 

1890*2 

1901* + 

06 784-f 


The figures in the last column show a similar but inverted sequence 
to those in the previous tables. Thus from 1867*2 to the 

following maximum 1870 6 we have a short interval of time; the 
spotted area for that penod is greatest. If the aboie values in Ae 
last oolumn be ^aphxoally shown, and the curve inverted, wie have a 
remarkable similarity (fig 2, Curve D) to tlie two^ eorves B and C 
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previouidy described SpeoiAl attention is called to the slow fall from 
164S to the minimum at 1867 2, and the rapid rise to 1679*0. 

It may be remarked that the value lor the total spotted area for the 
period 1633 9 to 1843 5, the earliest value in point of time dealt with, 
IS not quite in harmony with the other values It is probable that 
although at this period the time of maximum and minimum could bo 
accurately detonnined, the values may lie too small owing to the fact 
that Sohwabe’s obsorvatious vere not made at that period quite on a 
uniform plan Mr Warren de la Rue and Professor Balfour Stewart* 
on this point wrote — 

By the commencement of 1832 Schwabe had matured his system 
to such an extent us to give, no doubt with consulerablo precision, the 
shape and area of each group , although it was not until the commonoe- 
mont of 1840 that he finally fixed upon the system of delineation, 
which he henceforth pursued up to the time when he tliscontinuod his 
observations ” 

The above suggostiou seems to bo borne out b^ the reduction of 
sunspot photographs secured at the Wilna Ol>ser\ atory, uhere it was 
found that the maximum uf 1870 was of about the same older as that 
of 1836 The Bepoit of the Wilna Observatory for the year 1871 
refers to this point in the follovving termsf — 

” The curve tiaced from our observations about the last maximum 
period of spots (1870) is one and a-half times as high as that of the 
throe most recent periods,»^, the total sum of the ureas of the spots 
jibout the maximum period of 1870 was one and a>half times larger 
than duntig the last thirty-six years This marked diiforonco obliged 
us to enter upon a double verification of our calculations, but we did 
not discover any appreciable errors ” 

With reference to the value given m the last line of the lust column 
of the table, although this is probably very noai the truth, it is yet 
impossible to state the date of the present minimum (1901 2 probably). 
All the areas recorded since the minimum of 1800 and up to the 
lieginnmg of 1900 have been employed, this value is, however, 
only slightly below the real one, so that a + sign has been printed 
againat it 

If, therefore, these two facts be kept in mind, it will be seen that the 
inverted total sunspot-area curve can be considered practically an exact 
counterpart of the other two curves 

The Toial Area of the Magfieite Curm, From Mtnmum to Mimnmm, 

The remarkable similarity between the magnetic and suxuq^ curves, 
eqteeu^y in the later years when such observations are naturally mm 

* 'Bcqport of tbo Oommittso on Bolsr Fhrnos. 188S ’ Appendix B, p. 77 
t Appendix D, p. 154. 
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Rcourste, made it unneoeesary to discnss the variation (aa ehovn in tibe 
case of the sunspot areas) regarding the total areas of the curves from 
minimum to minimum. This venation seems to be more pnmonnced 
in the curve representing the honzontal force than in that representing 
declination. 

Length of the Perwd of Fariatum thw ihlemwieil 

In summing up the values obtained for the length of the secular 
ponod of vanation undei disiiission. ue form the following table — 



Maximum to 
maximums 
Yearn 

Minimum to 

Yeara 

Sanipot ourro 

36 5 

88 8 

Mftgnetio „ s 

85 25 

— 

Xom spotted Area for poriod « 

85 6 

— 

Meanii • 

86 41 

88-8 

Combined mean • 1 

i 

84 89 


The observations thus lead to the conclusion that undalyutg the ordt- 
narg ntnspef period of about eleven yeau theie u anolhet egek of greater 
length, wmdg, about thertgfive gears. 

Ihw egoU not only alters the tune of oeeurraiee of the maxima mi lelatum 
to the preceding nUntma, hut causes changes m the total spotted area of the 
sm from one ekmryear period to anothei, 

The Vanation in the Length of the Interval Mtnmum to Minimum 

Having found a definite vanation m the length of the mterval mini* 
mum to maiamum, the curves show a further vanation when the 
interval—^minimum to mimmum—was considered. An attempt was 
therefore made to see if any law could be traced, but the injury only 
led to a negative result. 

The following table contams the values fw the periods—•miirimiwi to 
minimum—'Snd the differences from toe mean, for both toe smiqiot and 
magnetic curves individually and combmed. It will be seen towt toe 
alternation of signs in the columns showing toe snm^ot difiinenoes is 
not eorrobwated by the magnetio differences, but itoen tbs centohwd 
vdiues are used this oscillation for eoeaeoutnre periods is etfll 
ovUmesi— 
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Uinimnm 
bi^nning 
in tho 

79BT 

Suttipots 1 Ifogneiios* 

Oombinafcloa 

t , 

Minunttxn jDifi^rducoft Hiniiaum 
to 1 from to 

minimum 1 mean minimtim 

1 

Differences 

from 

mean 

Minimum 

to 

minimum 

Diffecenoes 

from 

mean 

1838. 
1848 ^ 

xmJ 

18C7\ 
1879 J 
1800J 

YearH 

9 6 

12 5 

11 2 

11 8 

11 2 

Years Years 

-1 7 

^12 12 55 

-0 1 1 11 40 

+ 0 5 • 11 80 

-0 1 10 90 

Years* 

+ 1 *0 
-0 14 
-0*24 
-0 64 

Years. 

0 6 

12 52 

11 80 

11 66 
11-05 

Years. 

-1 7 
+ 1 32 
+ 0 10 
+0 86 
-0 16 

Meuii 

11 3 

— 1 11 54 

— 

11 so 

“ 1 


Although there is a suspected variation m the length of both the 
magnetic and sunspot periods (reckoning from minimum to minimum), 
which increases and rlecreases in olevcn-yoar periods from 

a mean value, the observations do not extend over a sufficient interval 
of time to allow a more definite conclusion to bo drawn 

I 

Jlekttitm of the Hunspot Vutve to the Light Curve ofy Aguibe. 

It IS generally conceded that the spots on the surface of the Sun aie 
the result of greater activity in the circulation m the solar atmosphere, 
and therefore indicate greater heat and, therefore, light This being 
so, the curve representing the spotted area may be regarded as a h^t 
curve of the Sun. 

The Sun may thus lie considered a variable star (1) the b^t of 
which (reckoning from minimum to minimum) is variable, with a mean 
value d about IM years, (2) the epodi of maximum does not occur 
a oonstant number of years liter the preceding mimmtun, but vanes 
r^pilarly, the cycle of variations covenng about 3fi years. 

It is interesting therefore to inquire whether there be any other 
known star or stars which exhibit variations similar in kmd to those 
given above. 

In the year 1896 I undertook the inveetigatiott of all the obeerva- 
tioDS, whether published or not, of the variable star q Aqidhs* wfaidi 
had been made between the yean 1840 to 1894, numbenog la all 

is,ooa 

For the present inquiry the bght eurve of this star is of groat 
intCNSt, as its ohiof peculiarities are similar to those I have indioated 
in eooneotion with the sunspot curve. 

Not only are the moat rapid rise to mammiim and aloir M to 

* '^itssOitete aiu <MB BsobsehtongsB 4 m vsctadsdieiica StsfOM e AquUii,' 
XaaefaMltDliMeitstion, Univsmt. OKlttiticm, U97 (Delau and Co., laadoa), 
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sanimum distmct features of the curve, but the periods (reoltooing 
from minimum) vaiy lightly in length in the course of many tnain 
periods More important still, the tame of ocourrence of the nuMnmnm 
in relation to the preceding nummum vanes to a comparative^ hrqe 
extent in the course of ftw mean penods The facts arranged in 
tabular form sum up the information with regard both to the sunspot 
curve and that of rf Aquils 

To facilitate the comparison, the different intervals of time con¬ 
verted into fractions and multiples of tho sunspot (Q) and ■q Aip iil | i* 
(P) periods are given in separate columns 





Light curve of 




Sun 

i| Aquil® 

Huumam to 
minimum 

Mmn value 

Yean 

11 20 

«Q 

qi 4b 4 

-.P 

Penod of variation 

Unknown 

? 


2400P 

Maiunum variation 
from mean 

± >1’* 

:1;>0 18Q 


0-017P 

Sa 

Mean value 

4 12 (about) 

0 37Q 

2^ 5 

O-SIP 

1 § 

Period of variation 

84 8 „ 

8 lOQ 


400P 


Maximum variation 
from mean 

±0*8 „ 

ife0 07Q 


AO-OSP 


Fig 3 18 a reproduction of a set of light curves of the star 
•q Aqnilee, in which the dotted line and the two vertioal wavy and 
oblique dotted lines passing through the pomts maxim a and minima 
indicate the vanattons of the times of maxima and minima. 

The curve for each group is the result of a combination of the obser¬ 
vations made over a period equal in length to 100 mean penods (mean 
ponod » 172’' 2344) of the star This whole set of curves m tiie 
result of a discussion which I made of all the observations of q AquOse 
made by one observer, Herr Juhus Schmidt. 

Other Cgdes of about Thurty-jm Yea»t, 

Having found that, in addition to the well-known eleven-year period 
of sunspot frequency, there is another cycle which extends over abov^ 
thirty-five years, and which is indicated dearly, as has been dwwn^ 
both by the changes in the times of the occnrrence of the epbchs oi 
maioina and in the variations in area indudad in consecutive devtn- 
year penods of both sunspot and magnetic curves, it is only swMiel tw 
si^pose that this long<period vanaticm is the effect of a cydludf dle- 
turbanoes in the Sun's atmosphere itidl.' 


Th/t 8 b^ Adivitjf 1838-1900. ?97 

Via. s 
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Such a cycle, if ot sufficient intensity, should cause a vanation from 
the normal circulation of the Earth’s atmosphere, and should be indi^ 
cated in all meteorological and like phenomena. 

It IB not intended to go into any detail as regards such terrestrial 
variations, but it may be noted that much im^iortant work has been 
done on the investigation of changes in chmates by Professor Eduard 
Bruckner,^ who expended immense labour during many years in the 
promotion of the inquiry. Professor Bruckner did not restrict his 
discussion to observations made over a small ar&i ur for a short interval 
of time, but utilised those made in iieaily every part of the civilised 
iiv oriel, and extendmg as far back in point of time as possible Further, 
ho did not restrict himself to the discussion of the observations of one 
01 two meteorological phenomena, but examined critically all likely 
sources from which such changes as he expected could be detected 
Thus he sought variations in the observations of the height of the 
waters in inland seas, lakes, and rivers, in the observations of rainfall, 
pressure, and temperature, in the movements of glaciers, in the fre¬ 
quency of cold winters, growth of vines, &c 
The result of the whole of the investigation led him to the conclu¬ 
sion that there is a pmodmtl mnatum in tltc cUmaieH aver the whole eatih^ 
the mean length of this perwtl betntf 34 8 + 07 yeim 
It may be of interest to remark, that so convinced was Professor 
Brilckner of the undoubted climate variations that he deduced, and so 
coi tarn was he that such vanations coidd only bo caused by an external 
influence, that he investigated Wolfs sunspot numbers to see whether 
such a cycle was indicated 

Misled by the long penod of variation of sunspots of fifty-five years 
as suggested by Wolf, he was led to conclude that his climate variation 
was independent of the frequency of sunspots. He sums up his con¬ 
clusion m the following wor^t — 

'*Die KUmaschwankuiigen vollziehon sich unabhangig von den 
Sohwankungen der Sonneiifleckon-Hdufigkeit; eine 55-jahrigo Ponode 
dor Witterung, wie sie der letsteren entsprechen wUrde, ist m uuseren 
ZusammensteUungen nicht zu orkennen.” 

Nevertheless, he was led to make the bold suggestion, that such a 
variation as he sought must really exist in the Sun, but might possihly 
be independent of sunspots. He finally conolud^ that the dimate 
variations are the first symptom of a lofig penod variation in the Sun, 
which probably will be discovered later. 

In the light of the present communication Professor Brfiokner’s 
conduBions are of great interest, because not only does the length of 

e * Oeographuohe Abbandlungen Wien,* Band 4, HeA d* p* 3.&S. 1890. “ KBme* 
gohwankuttgen ssit 1700 nabib Bemsrkttngen iibsr die ShmMdbwauktmfsa dsr 
Bilavwlseit" 

t * KUnaedurankuageii,* BrCekner, p 84S^ 



20d 


The Solar AdivUy 1833-1 &00 

the iMnod, but the critical epochs of his cycle, ootoipletely harmoaise 
mth those found in the present discussion of the sunspot and magnetic 
curves 

To illustrate more fully this oonnoction, and to take only one case, 
namely, rainfall, the throe rainfall curves'*^ aro reproduced in fig 2 
(curves E, F, (t) 

E and F represent the secular Vtinations for what Professor 
Hnu kner calls “ Sogulare Gebiete I und II,while curve E is the 
moan for the whole set of observations ho has employed, and 
reprosonts the soculai vaiiation of lainfull over the whole earth os 
far as can be determined 

The comparison of these curves with those i epresenting the suns£iot 
and magnetic results gn on above them, shows that when the e|)Och of 
maximum spotted area (cuive II) follows late after the preceding 
ciioch of minimum (184.3, 1878), or when the spotted area from 
minimum to miniiimm is least (curve D), the long-|)enod lainfall cmvo 
is at Its maxiiunm or ^e have a wet cycle 

When on the other hand the maximum (curve B) follows soon after 
the piecoding minimum (1867), and the spotted area foi this cycle is 
at a maximum (curve 1)), the rainfall curve is at a minmium oi a dry 
cycle IS in progress 

It may also bo observed tluit m a detailed investigation of the 
movements of glaciers, Professoi £d llichter finds a cycle of thirty- 
five years In his ‘Histoiy of the Variations of Alpine Glaciers,’^ 
he sums up his results as follows —** Die Glctschcrvorstosse wieder- 
holon Bich in renodon, dereii Lange swischeu 20 uiid 45 Jahicn 
Bchwankt, und im Mittel der drci letzten Jahrhuaderte gonau 35 Jahre 
betrug ” 

Further he pointed out that the variations agreed gonerully with 
Bruckner’s climate variations, the glacier movement being accelerated 
during the wet and cool periods 

Another very interesting investigation to which loference must bo 
made is that which wo owe to Mr Charles Egeson, who published his 
reaearcho8§ in solar and terrestrial meteorology ]ust a few months 
before the appearonco of Professor Bruckner’s volume Mr. Egeson 
not only finds a secular periiKi of about thirty-throe to tlurty-four 
years in the occurrence of rainfall, thunderstorms, and westerly winds 
m the m<;>nth of April for Sydney, but the epochs of maxima of the 
two latter harmonise well with the epochs of the thirty-five yeatly 
penod deduced in the present |iaper for sunsjiota. 

Thus he finds that the yearly mimliors of days of thunderstorm 

* Braokner, %M , p* I7l 
t Briiokaer, tM, p 170 

{ d Beats -Oesterr Alpoii-Verelas,' 1801, Baud 12 
$ KgMoa's * Weather System uf Sunspot Causality ' Sydney, 1880 

VOL. LXVllL Y 
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Attain their maxima'values in 1839 and 1873, and those cd the 
westerly winds in Ai»^l in 1837 and 1869. As the secular variations 
of the sunspots have their muxiina in 1837 2 and 1870 8, the agree¬ 
ment 18 in close accord 

There seems little doubt that, during the interxal of time covered 
by the present investigation, the meteorological phenomena, nuralior of 
aurone, and magnetic storms, show secular variations of a period of 
about thirty-five years, the epochs of which harmonise with those of 
the secular variation of sunspots 

As wo are now approaching another maxininm of sunspots which 
should correspond with that of 1870 8, it will be interesting to oImsci vc 
whether all the solar, meteorological, and magnetic phenomena of that 
penod will bo repeated 


Conrluntm 

1 There is an altmwff increase and deciease in the length of a 
sunspot penori reckoning from minimum to nnnimnm 

2 The epoch of maximum laries ‘trquhrJif with rcsfiect to the pic- 
ceding minimum 

The amplitude of this variation about the mean iKisition is about 
±08 year 

The cycle of this variation is alioiit thirty-five years 

3 . The total spotted urea included between any tw^o consecutive 
minima vanes regularly 

The cycle of this vanation is about thnty-five years 

4- There is no indication of the fifty five-year penod as suggested 
by Dr. Wolf 

5. The climate vanations iiulicateil by Professor Bruckner are 
generally in accordance with the thirty-five-year period 

6 , The frequency of aurors and magnetic storms since 1833 show 
indications of a secular period of thirty-five years 


“On the Vanation in Gradation of a l)evelo|)Ofl Photographic 
Imago when impressed by Monochromatic Light of Different 
Wave-lengths" By Sir Wiixtam dk W Abnbv, KLCB., 
DCL, DSc, FKS Eeceived Maich 26,—Bead May 2, 
1901 

InUodiuiwrq 

When a senes of small spaces on a photographic plate are exposed 
to a constant light for geometrically increasing times, or for a coostani 
time to geometncally increasing intensity of illumination, die spaces 
so exposed will on development show deposits of silver of different 
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opacities These opacities may be measured and noted as trans¬ 
parencies/* ** opacities/* or ** densitios/* the last being the -* log 

transparencies and the opacity-- i - (These definitions of 

^ IT f transparency 

opacity and density are those given by Hnrter and Diiffield^ and are 
generally understood as such in photographic literature) Where 
varying time exposures are given, ft is convenient to start with some 
unit of time, such as 10 seconds for the exposure of the first small 
space on a plate, to double this exposure for the next small apace, and 
so on. When the measurements of transparency or density are mode, 
and the curve has to be plotted, the scale for the nlncissa is conveni¬ 
ently the number of the exposure—that is, the time of ex|K>Buro in 
powers of two The ordinates are then set up as transparency of 
deposit, tot»d transparency being 100, or as ilensitios which give the 
absolute light cut off in terms of common logarithms The curve 
joining these (bfferent ordinates is in both cfises approximately a 
straight hne for some distance, and, at each end, tends to liecome 
parallel to the scale of abscissm, and this straight portion is taken as 
representing the gradation of the plate If the same plate be thus 
exposed to different monochromatic lights, and the images developed 
together and the density measured, it is easily seen from the plotter! 
curves if the ‘‘gradation *’ of the plate is the same in each case, since, 
if they are, the straight portions of each cur\e should be parallel 

[It may be noted that the loss steep the gnulation of n plate, the 
greater will be the extremes of lights and shades in an object or view 
that will be shown m a print, us the hluckost tone obtainable on it 
reflects about 3 per cent of light For this reason in sun-hghted 
views, a plate showing a flat gradation should 1»6 employed, whilst m 
those illuminated by a cloudy sky, a plate giung a steep gradation 
should be used ] 

When obtaining the three negatives foi three-colour pnnting wbete 
the object is photographed through an orange, a bluish green, and a 
blue screen, if there is much change in gnuLition caused by the 
difibrence in the colour of the light reaching the plate, the true render¬ 
ing of an object in its natural colours becomes an operation of extreme 
difficulty. It was with a view to ascertain if some of the difficulties 
which have been encountered m this process were due to difference iii 
gradation caused by the different coloured screens, that this research 
^as commenced some three years ago Nearly two years ago, in an 
article m ‘Photography,* I indica^ that a variation in gradation 
due to differouce in the monochromatic light in which the exposure 
was made did exist, and some six months ago Mr Chapman Jones, in 
a paper commnnicated to the Boyal Photographic Society, independ¬ 
ently announced the same result from experiments made principally 
wiA ortbodhroiiiatie plates with light passing through vaiiuiis coloured 
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media, and he generalised from his experiments, that the smallei the 
wave-length, the less steep was the gradation, the ultra-violet rays 
giving the least steep, and the red the most steep gradation My 
experiments, which had at that time been paitially completed, did not 
boar out this goneralisatiou to the lull when pure sih’er salts were 
used, and my subsequent measurements with them show that the 
least steep gradation is that given by the monochromatiG light to 
which the simple silver salt exponmeiitcd with is most sensitive, and 
that the gradation becomes steeper us the wavelengths of light em¬ 
ployed depart m either direction in the spectrum from this point, 1)ho 
steepest gradation being given by the extreme red The c<ise of ortho- 
chromatic plates m which is a complex mixtuie of silver salt and dye, 
IS necessarily loss simple, involving eonsiderations of the loc^tbiios m 
the spectrum to which the dye or dyes, togethei with that of the silvei 
salt, are most sensitive For this reason the simple salts have been 
experimented with in preference to the nioie complex otganic com¬ 
pounds 

Mettwih of Efpmnimhnq 

As pointed out in the ojHnnug paiagraph, thoio are two ways of 
experimenting, one where the illumination is coiistaiit, the times of 
exiiOBure bmng alteml, and the other in Mhuh the time of exposure 
IB constant, and the illumination is altered. This last is the condition 
under which an image in the camoia is photogiaphed It might 
appear that both niethiMla should give identjcal quantiUtive results, 
but It was moio than prolwblo that they would not do so, fiom 
the experiments that I had pioviotisly carried out with these two 
methods with ordinary white light 

The first sot of expenmouts were with pM iivie of and 

varying uitonaity of light To obtain the varying intensity, a photo¬ 
graphic plate was exposed to white light, the parts exposed being 
limited to an area having the form of a triangle with the top cut off 
at the apex, the two sides lioitig radial to the centre of the plate The 
enclosed angle was about 20'', so that by turning the plate round its 
centre, twelve different spaces would be exposed. After the plate had 
lieon developed with ortol or ferrous oxalate, fixed, washed, and dried, 
the intervals between the exposed parts wore blocked out The 
opacities were then ready for measurement, I'lg 1 is a reproduction 
of the star ” graduated opacities 

Measurmenl of Star OpacU^ with dijffcreni Golmu 

It became necessary to see whether the deposit obstructed ligbt 
equally for each ray of the spectrum, and the foUowing arrange* 
ment was adopted The colour patch apparatus which I hare 
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Fia 1 



described m piovious papers on Colour Photometry in the ‘Philo¬ 
sophical Transactions,’ was brought into use A ray of the spectrum 
was allowed to issue Ihrongh 8^ hg. 2, and aftei passing through 


Fio 2 



a lens formed a square patch of monochromatic light on C, a 
white screen In the path of the beam X a plain glass mirror, Mi, 
was inserted, which deflected a certain percentage of the bugm Y 
to Mil, a silvered glass mirror, which in its turn reflected Y so as to 
fall on C A rod, R, placed in proper position, caused two oblongs of 
die direct and reflected beams to fall side by asde on C Two sectors, 
A and B, were placed in the paths of X and Y respectively The 
apertures of A could be opened or closed at pleasure whilst the disc 
was rotating A red ray of the spectrum first came diroi^h S, and 
the aperture in A required to equalise the two adjacent patches of 
light was noted Other rays of the spectrum were similarly dealt with, 
when it was found that the aperture in A remamed unaltered, showing 
that within the limits of error of observation the pwoentage of reflee- 
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tion from Mi remained the same for all rays The atar-shaped opaci¬ 
ties were then introduced into the beam X at D, and when necessary, 
B was rotated with known and fixed apertures, and the patches of 
light again made equally bright by means of A It was found that 
the apertures of A vaned as the different spectrum colours passed 
through the deposits, forming the graduated star Using the same 
scale for the spectrum as used in my former papers ^ is 61 3 
Li 59 7, C 58 1, D 56, E 39 8, F 30 05, Li 22 8, Gil 2), the absorp¬ 
tions wore calculated for the whole spectium It was found that the 
coefficient of absorption (olistruction) of white light and of the ray 
26 8, coincided, and taking this as uigty (for a purpose which Hill be 
seen presently) the coefficients of the other lays arc as follows — 

Table I 


Scale number. 

Ab»or}»lion 

59 to 49 8 

0 87 

47 6 

0 90 

42 H 

0 08 

as 3 

0 93 

8a 7 

0 95 

29 1 

0 97 

20 8 

1 00 

22 a 

1 02 

17 h 

1 02 

8 4 

1 08 


The traiispaiencics of the different jiarts of the star to lamplight 
were measured and calculated out in powers of - 2, the light trans¬ 
mitted through the part on which no deposit apjioaied being taken as 
^ero The following are the tiansparencios as calculated — 

Table II 


Opuciti 

Transparency lu 
powers of —2 

No 1 

0 

» 2 

0 88 

3 

0*76 

.. « 

1 06 

„ 6 

1 78 


2 as 

r 

8 5 

. 8 

4 16 

. 9 

6 2 

H) 

6*9 

.. 11 

6 9 

.. 19 

8*9 ' 
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Iti porcontages the transmiBsiou of wliito light through No 1 and 
No 12 IS therefore 100 and 0 477 respectively, which allows a suifi' 
ciently wide range of intensity to be investigated The above numbers 
represent then the aliaorption of white light, and also that of the blue 
light coming through a slit placed at 26 8 of the scale of the spectrum 
To obtain the scale in powcis of - 2 for the other rays they must bo 
multiplied by the factors gi\en iii Table 1 

The star can now lie used for the purpose for which it was prepared 

pipentiients toUh Furd Time of Exjiomre* 

With the colmir'patch Hp{mi atus a patch of red light was thrown on 
the star backcfl by a scMisiti\o plate, uhich could bo revolved zound 
their central point in a special daik slide, and exposuie was made to 
the patch with the plates i otating foi the time it was judged necessary 
to cause an impression of each intensity of light* The rotation was 
deemed necessaiy in case the light coming through the thick |>art of 
the prism was more absoilicd than tliat coming through the thin part. 
The plate was then removed fiom the slide, and a scale of gradation 
impressed on a pait which had been coveied up during the previous 
oxposuze Thu souice of light used for this scale was an amybacetato 
lamp placed at i feet from the plate, and the time was doubled for 
each successive exposuie On doveloprocnt there was an image of the 
star, each space in dittercnt densities, and alongside a graduated scale 
of densities with which the stai densities could be compared Other 
plates were exposed to other lays of the spectrum, those selected being 
at the scale numbeis recorded in Table I As each separate image of 
the star could be compared with the scale of giadation given by the 
amyl^etato lamp they could he com|)Hiod with one nuothor. 

S^cUum Sensiiiveneeii of Bromo4odtdc of Stiver, 

The hrst sensitive salt of silver with which experiments were made 
WHS the bromide of silver, to which a small quantity of iodide of silver 
had been added A spectium of the electric arc light was impi'essed 
on the gelatine plates prepared with this salt, and the sensitiveness to 
the various rays ascertained by the plan given in a previous paper * 
(To facilitate a compansou of the results given in this paper with 
the curve of sensitivenoss the latter is drawn on the prismatic scale as 
given above) 


* **Th« effect of the Spectrum ou the Haloid Salts of Silver," Abney and 
iCdwnzde, *Roy Boc Proc ,* vol 47 Head Dceember 12,1880. 
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The following table applies to the curve, fig. 3 

Table III 


Scale No 

Son^itiTeneM 

Scale No 

SeiiBitivenen 

42 

5 

12 

05 

44 

21 

8 

92 

38 

88 

4 

80 

80 

50 

0 

85 5 

H4, 

68 

- 4 

82 

82 

74 

- 8 

77 5 

80 

82 

-32 

73 5 

28 

80 

-16 

64 

26 

06 

-20 

64 

24 

00 

-28 

60 

22 

100 

-86 

20 

20 

00 

-42 

33 

16 

07 

-48 

0 


The measurement of the densities on the plates was made by nwam 
of on arrangement by which the companson light was transmitted 
through a graduated black annulus, whoso thndcness mcreased andi' 
metically with the numlier of degrees from the sero point. This 
gave the density measured on a scale of loganthma on a base due to 
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itfl coefficient of absorption (obstruction). The mode of measurement 
has been described in other papers by myself <ind need not be repeated 
As the ‘‘ star” opacities and the graduated opacity scale on each plate 
were measuretl with the same annulus, it was unnecessary to reduce 
ttio measurements to densities which are usually taken in terms of 
common logarithms, or to transparencies m percentages of the initial 
light 


E/(Wi}ile of Ejpennwits 

It uill facilitate matters if one example of measures be given in 
detail, and the mode m whn h they are applied The spectrum colour 
used WHS ut the scale No 56 7 The stai with the plate in contact 
with It was placed in the dark slide, and so arranged that the square 
patch of monochromatic rod light would co\ er the whole of the former 
The only light which would penetrate to the plate was through the 
star opacities The star and plate were made to revolve round their 
centre in the slide by moans of a spindle piojecting outside, on which 
was a pulley that could bo geared to an electromotor Exposure was 
given for 65 minutes No light was in the room except the red light 
T<j make certain that the red light which fell on the pnsms, and which 
illuminated them to a certain small extent, had no effect on the plate, 
the slit S, fig 2, was covered with red glass, which only allowed the 
red of tlie aiioctrum to pass The plate aftci the first exposure was 
completed, was removed and placed in a special slide, which allowed 
varying time exposures to be made on small square areas of the plate 
alongsido that part which had been already impressed. The oxjiosures 
wore made to an amyl-acetate lamp at 4 feet distance, and were of 1, 
2, 4, 8, , units of time duration. The plate was developed with 

ortol developer, fixed, washed, and dned It was then placed in the 
moasurmg appaiatus, and the scale densities of the amyl-acetate lamp 
exposures and the star opacities measuretl. On looking at Table 1 it 
will be seen that the coefficient of absorption, os there shown, is 0 87 
The^immbers m Table II were therefore multiplied by 0 87 to give 
the scale for abscissa in powers of 2* The following measures were 
obtained (Tables IV and V) 

These results were plott^ (fig 4), and straight parts of both carves 
wore compared It will 1)0 seen that in the star opacities the curve 
outs the abscissa 1 with an ordinate of 174, and this same ordinate is 
found on the scale curve at 2 66 m the abscissa Again, the first has 
an ordinate of 63 at the abscissa 4, but the scale has abecisaa 6 65 for 
the same ordinate. This shows that the exposures of the star would 
have bad to be prolonged m both cases to have acquired the same 
density as Ihe scale, but very unequally. We can find tiie unequal 
times necesBaiy by aubtractuig the two abseissn from one another at 
eadi point, and expressing the inequality by a fraction. 
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Table IV. 


Ainjl*MeUte scale 

Exposure in 

Beading of 

powers of 2 

Annulus 

1 

202 

2 

IRO 

8 

1H8 

4 

145 

5 

122 

6 

08 

7 

77 

8 

55 

Boro glass 

21 
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Table V. 



jpacituM, 

Intensity in 

Beading of 

powers o£ ^2 

annulus 

0 

202 

0 83 

107 

0 65 

187 

o-on 

178 

1 60 

156 

2*05 

136 

3 05 

07 

8 62 

77 

4 61 

80 

6*22 

30 

6 18 

26 

7 74 

__ 

Bore glass 

21 
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Thiw — 

Star 

1 

4 

3 

01 I 


Abt^nm. 

Scale 

2 65 (ordinate 155) 
7 60 (ordinate 42) 

4 95 
1 65 


That IB to say, the gi adatiou of the plate when subjected to the red 
light IS much steeper than when subjected to the light of the amyl 
a( otate, and that to produce the same slope the ratio of the tunes of 
expoBUie to rod light wuuM have to be shortened in the ratio of 1 1 70 , 
that IS, if the exposure was doubled for the rerl light on each small 
space, then to make the slojio the bame for the amyl-at otato light the 
successive exposures given with it would have to bo 3 3 tunes "It must 
be recollected that the hist exposures required to give any rlepasit on a 
plate would be widely ditrorent, lieiiig far largoi for the red light 


UiiulU of made 

To avoid any white light with which the prisms weie illuminated 
reaching the plate through the slits, the following alisorbiiig media 
were placed in front of the slit at the places indicated The times 
of exposui'e are also shown 


Scale No 

Exposure 

Abiorbing medium in front 
of slit* 

66 7 

65 mill 

Stained red glass 

64 4 

ao 

I* M 

62 1 

6 .. 

n n 

60 6 

6 .. 

Orange 

47 6 

« ,4 

Lemon yellow 

42 9 

2 „ 

Chrome green 

36 3 

a 4. 

Poacook green 

33 7 

10 secs 

II II 

20 1 

64 .6 

Blue djo 

26 8 

12 

II 

22 2 

6 1 

Cobalt glass and blue dye. 

17*6 


M It It 

8 4 

4 „ 

Methyl violet 


The following tables give the measured curves, and from them the 
gradations are found, as in the above example, the exposures given 
being as follows — 
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Table VII —Scales of Gradation taken with the Amyl-acetate Lamp 
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Fig 5 gives the results as shown in bottom line of the table It 
will be seen that the slopes of the gradation of the cbflerent parts of the 
spectrum are least when near the maximum photographic eflTect (com¬ 
pare fag 5 with fag 2) and greatest in the led 
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ExpenmenU wUh Fixed Inienetiws of JUys 

Before commenUng on this curve it will Ije lietter to describe the 
next set of expenments in which the light is constant, and there is a 
change in time 

The arrangements marie were as follows —Four slits in a card 
were mode of such convenient width as (found by trial) allowed four 
different rays of the spectrum to emerge, and in front of the slits wore 
cemented strips of a spectacle lens, which each gave an image of the 
prism surface of small size, but alongside one another To prevent 
the white light nhich illuminated the prisms causirig any error in the 
exposure, in front of each slit was placerl a strip of glass of a colour 
approximately corresponding to the colour coming through it 
Exposures wore made to the four colours in the same plate and for the 
same length of time, the exposure being admitted or shut off at the 
slit of the spectroscope, and when completed the plate was given a 
graduated scale with the amyl acetate lamp as before The develop¬ 
ment of the plate was then can led out and the densities measured as 
usual 

The curve of the amyl-aceUto light was plotteil first, and the places 
which corresponded to the density of the “blue” light scale was 
maiked on it It was necessary to do this, for although the electric 
arc light was steady, yet it did not temam absolutely the same m 
intensity throughout the whole of the exjxisurcB The places so fixed 
on the scale made by the amyl-acetate lamp by the blue exposures 
gave the points in the abscissa to which to refer the ordinates of the 
three other colour curves These were duly set up and the curves 
drawn Fig 6 shows Table IX drawn diagrummatically It was 
again found that the gradation given by the colours loss refrangible 
than the Scale No 24 were steeper than that of this No, as were also 
those of the colours more refrangible. 

The slits were then moved into now positions and the same process 
gone through (See Tables IX, X, and XI) When these gradation 
factors are plotted on their appropriate scale numbers we get a curve 
convex to the base, with the lowest part lying ulmut Scale No 24, con¬ 
firming the results obtained by the previous place (See fig 5,) There 
can be but little doubt from both of those results that the place of 
mmimum gradation given by lays is close to the wave-length to which 
the salt of silver under consideration is most sensitive 
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Table X. 


imyl- I 
aoelato I 


Scale numbers 


E 

1) 


26 

(X 4675) 

16 

(X4877) 

6 6 

(X 4162) 
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E 


E 

I> 

K 

D 

1 

55 

1 

43 

1 

43 

1 

55 

1 

53 

2 

70 

2 

47 

2 

47 

2 

00 

2 

50 

3 


3 

74 

3 

87 

3 

101 

3 

108 

4 

128 

4 

82 

4 

92 

4 

108 

4 

115 ‘ 
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182 
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127 

5 

133 

5 

152 

5 

161 1 
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108 

8 

113 
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147 

6 

104 

6 

177 

7 

228 j 

7 

167 

' 7 ; 

160 

7 

186 

7 

201 

8 

240 

' 8 

■m 

® 1 
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208 

8 

223 

9 
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1 




I 



Table XI 


j Amyl 

1 acetate 

Scale numbers 

1 

1 



47 4 

32 7 

22 8 

14 6 
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(16686) 

(X4e62) 

(X4002) 

(X4864) 
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J) 
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B 

E 

B 

E 

B 

1 

75 

1 

66 


45 

1 

77 

1 

105 

2 

90 

2 

108 


61 

2 

118 

2 

142 

3 
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134 


68 
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134 

8 

163 

4 

147 


166 

4 

no 

4 

164 

4 

191 

6 

171 

6 

108 
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186 

6 

188 

5 

214 

6 

105 
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143 
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228 
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217 
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Table XII 


lirom Table IX 

Irom Table X 

1* rom labia XI 

' Soule 

Omdatioti 

Scale 

(Gradation 

Scale 

dmdahttii 

1 iiuiul>cr 

( 

liiotoi 

number 


number 

fart or 

1 

1 55 4 

1 38 

80 3 

1 10 

47 4 

1 20 

1 40 6 

1 11 

25 

1 00 

.VZ 9 

1 07 

• di 4 

1 06 1 

15 

1*02 

8 

1 00 

' 22 2 

1 00 

(\ b 

t 10 . 

14 a 

1 04 
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_ 1 

_ 

__ 


Tlie " G^nidatiun ffvctor*' 10 the altenitionrequired in the uh»i 10811 u lien exjiremed 
111 powers of 2, the scale No 22 2 Imring ahstisna of unit length 


Table XIII —ExpasurtK Table XIV —Exposmcs foi 

to Ain\ 1-acotate Monochromatic Ka\ r 
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No 

Time 111 


Time 111 
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luinuto* Olid 
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1 

1 ' 
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16 
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Erimtimenh %nth h'ueH Intiniifm of Itays, awl Ttmes of Erjenure vaned 
by iiwnu, of a RutaUnq Dw 

Still one more plan, however, remauted to bo tried, viz, with a 
6xe<I intensity of light, bnt an alteration in the tune of exposure by 
rotating a disc with gradually increasing apertures before the plate 
The disc so pierced is shown in fig T It will he seen that there 
are two apertures, one near the centre and another at the 
outside of the radius, which uiclude 40° only. There are thus three 
apertures of 40', and if the patch of light is uniform the readings of 
the three should be the same All the plate was covered by a mask 
exc^t a portion ^-inch wide which extended its whide leng^ so that 
siiccessne portions might bo exposed to rays of different wave-lengths 
at first The exposed strip of plate was placed in a horismita^ 
direction, t r, a direction at right anj^es to ^ edges the pnsmSf 
and it was then found that the three readings of the 40* apertures 




Gradation of a Developed Fhotographie Image 317 

were not the same To ascertsm the cause of this an exposure was 
made through the slit without any disc intervening, and on dei elo{> 
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ment it was found ^at the reduotuw silver was greatest in that 
part which was illuminated by the light coming throu^ the edge of 
the prism, and least whei'e it passed through ^e bases of the piisra, 
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showing that the glass of the pnsms absorbed a certain proportion 
of the different rays as they passed through It appeared probable 
that if the length of the ^-inch-wide sht were placed vertically in 
the patch of light f , parallel to the edges of the pnsm) no difference 
in absorption would be found Such proved to be the case, the 
exposure through the sht and the patch of light without the inter¬ 
vening sectors gave a uniformly dense deposit, and when the sectors 
wore replaced the densities given by the three 40'' exposures were the 
same On each plate exposures were given to four different colours, 
the total exposure var}nng in each case according to the colour, a 
single exposure was also given to some colour without the sector, 
and an exposure to an amyl-acetate lamp was also gnen The 
following tables give the results obtained, and fig 8 the results 
shown diagrammatically of Tabic XV, and the combined results ai^e 
shown in fig 5 


Table XV—Densities. 


Aperture 

Scftlo munber 

of 

sectors 

65 4 

40 6 

31 4 

22 2 


(\mi) 

(116300) 

A 4901 

X4684 

o 

6 

36 

37 

46 

45 

10 

42 

44 

60 

65 

20 

67 

60 

85 

90 

40 

1 82 

80 

122 

125 

80 

130 i 

119 

160 I 

160 

160 

178 1 

159 

197 ! 

196 
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Table XVI —Densities 


Aperture . 
of 

Mctort 

Scale number. 

49 8 
(\6820) 

2 B 

(^4876) 

IB 

(X4a77) 

0'6 

(X41(!2) 

0 

6 

68 

76 

76 

68 

10 

67 

98 

100 

60 

SO 

69 

121 

125 

82 

40 

116 i 

144 1 

160 1 

107 

80 

140 

167 

174 

188 

160 

166 

1 

190 

198 1 

167 
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■ 

Aperture of 
lectors 

8cAle number. 

17 B ' S .V 
(\4160) (\4100) 

1 

-6 7 
(x4iao) 

-16 8 
(Xa940) 

o 

5 

rut 

78 

86 

08 

10 

76 

05 

102 

110 

20 

l»7 

IIH 

127 

146 

40 

118 

142 

163 

171 

80 

140 

1b5 

171 

1 186 

160 

152 

185 

187 

> 102 
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Table XVlll --Densities 



Scale number 

Aperture of 

— - 



lecton 

82 7 

22 8 

14 6 ! 


(X •lfl52) 

(A 4602) 

(X 4.184)1 

6 

5 

85 

77 

46 1 

10 

41 

101 

67 1 

20 

58 

124 

75 

40 

72 

146 

00 

80 

90 
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123 ' 

160 

114 
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Table XTX 


Bc^e 

number. 

Gradation 

laotor 

Scale 
j number 

Gradation | 
factor ' 

1 

Scale 

number 

Gradation 

factor 

55*4 

1 35 

85 0 


-6*7 

1 19 

40-6 

1 13 


1 06 

--15 8 

1 88 

81 *4 

1 06 

6 6 

1-09 1 

82 7 

1 06 

888 

1 0 

17 6 

1 025 1 

22*8 

1*00 

80*8 

1 12 

•• 

110 , 

i». 

1 04 


It w3I be seen that these gradation factors are vety closdy the same 
«s those obtained by the other plan of altering the time exposures, 
the inteosity (d the light acting remaining the same. The curve m 
fihaae results has been pushed further'into the ultra-violet tiian m the 
other ei^iiaents 
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Causes of iJtffereuee of Remits %n the Ejtpeimenis 

We next have to consider the cause of the difference between the 
lesnlts obtained when the intensity of the light was alteied, the time 
l>eing fixed, and these last two sets of roaulta 1 must refer to a pfi|>or 
which appeared in the * l*rocoedings * of the Itoyal »Socioty in 1893, 
entitled “ On a Failure of the Law in Photography/' &c , moi e par¬ 
ticularly to the Addendum of July 4th, when it was shown that though 
the product of tune of exposure amt intenaity of light remained con* 
stant, yet when the intensity was diminished the photographic action 
might also be leas, and that when the intensity liocame very small, the 
diminution was very marked These observations weie fm*ther de¬ 
veloped in subsequent communications to the lioyal Photographic 
Society, in the same year, and it was shown that ivhen the mtouBity of 
the same light remained constant during a set of exposures, the time 
being altered, the gradation of the plate remained the same though the 
curves occupied very variable positions in relation to the scale of 
abscisste Thus if with) a light of a unit mtenaity exposures were 
given to different parte of a plate foi, say, 1, 2, 4, B, , seconds, and 
the bght was reduced for another set of exposures on the same plate 
to 1/100 unit, and in otdoi to make time x intensity constant in both 
cases the exposures were prolonged to 100,200,400,800, &c, seconds, on 
plotting the densities of the deposit in the manner desenbed above, the 
two curves would be stiictly parallel though by no means coincident 

In the last two sets of expenmonte as the relative tunes of exposure 
are kept the same, though the intensity is small, the gradation of the 
different rays would be the same, however much the intensity was 
increased. On the other hand, where the intensity of the light is 
small (and when we say intensity, wo mean the photographic intensity )i, 
the gradation would be steeper than would be the case if the 
intensity of the light were large The photographic lutensity of the 
light used for the rod ray is less than 1/500 of the blue* hence on 
this account alone the « gradation factor " is larger than in the last two 
sets of exponmente This accounts for the difference between the 
gradation factors obtained by the two methods, from the red to the 
blue, and also for the approximate comcidenco from the blue to the 
extreme violet when the photographic intensities of the bght used are 
nearly the same We see, then, that the gradation factors as found 
by the last two methods are those which really represent the difference 
due to the alteration in wave-lengths of the monochromatic light, and 
that the factors found by the first method are compounded between 
tbie alteration and that due to diminished photographic intensity. 

As before remarked, the results of the first method of oxpedmenir 
ittg are those which apply to camera images, for they are formed by 
different mtensitiea of light, and the exposure is the |op 
part. If, then, a plain surface were covered with a graduated seek 
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of gi*eys, and a x^otograph taken of it through red glasfii, which 
practically cuts oif all spectral rays except the red, and also through 
hlue glass, tlie gradation of greys in the negative would be much 
more pronounced in the case of the red image than that of the blue, 
and we come to the conclusion that for three-colour photographic 
printing from a “red,”a **green,”and a “blue” negative this difierence 
should lie a source of difficultv, and this is certainly the case 

What scientihc explanation there is of this diltereuce in true 
gradation factor is hard to say It almost appears that in the case 
of the blue waves acting on the atoms of the molecule of sensitive 
salt, whilst the amplitude is increased the rate of oscillation is slightly 
altered, gradiudly making the periodic motion of the wa\es of light 
out of tune with the motions of the atoms, whilst with the lod rays, 
which are vastly out of symhroinsm with the atomic swings, the 
atoms got more nearly sjuichronous with them, and thus produce 
more photographic action In my work on 'The Action of Light in 
Photography/ 1 have given a possible explanation of the difference 
in effect caused by a feeble intensity and a great intensity of light, 
and It may be that the same kind of explanation might hold good in 
this newly found phase of the action of light It appears that these 
photographic phenomena are worthy of attention from the point of 
view of molecular physics 

It may be thought that those results might be pecnhai to the salt 
of silver oxpenmontod with A further senes of experiments were 
conducted with the chlonde of silver m gelatine The maximum 
sensitiveness of these plates was found to be near H m the solar 
spectrum The gradation was found to be least at this point, and 
increased when rays on each side of this point were employed to act 
on the film In the blue near the F line, whoie the sensitiveness of 
the plate was very small, the gradation was excessively steep, as it 
also was in the extreme ultra-violet. 

fVave-lengUm Jm Pnmnke Seifh 

'ITie following table shows the wave-lengths of the scale Nos .— 


Seale No 

X 

Scale No 

A 

60 

073 


478 

SK 

662 

24 

464 

56 

688 

20 

462 

54 

du 

16 

440 

62 

600 

12 

480 

60 

686 

8 

420 

4H 

672 

4 

410 

U 

546 

0 

400 

40 

627 

-10 

881 

86 

508 

-20 

864 

32 

462 
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“ A (comparative Grystallographical Study of the Double Seleuutea 
of the *Serie8 B3M(S604)2.6H20—Salts lu which M is Maj^- 
nesiuni ” By a" K To rroN, B Sc, F E S Eeceived Apiil 29, 
—Iteful Maj 2.\ 1901 

(Abstract) 

Tbi8 memoir ou the magnesium group of double selenates, in uhich 
B is repiesentecl by potassium, rubidium, and cspsium, is analogous to 
that which was presented to the Society in Alarch 1900 concerning 
the zinc group 

The conclusions derived from the stu(l> of the morpliologieal and 
physical properties of tho crystals of the three salts ai'e generally 
sUtiilHr to those ainved at from the study of the zinc group There is 
/ observed a uniform progression with legard to every property in 
accordance with the order of progression of tho atomic weights of the 
three alkali metals present That is to suy, the constants of the 
rubidium salt are generally intermediate Ixitwecii those of the 
potassium aud cteaium salts 

The magnoauim group has, however, proved particularly interesting, 
masraueh as the progressive diminution of double refraction, according 
to the rule nvhioh has now )>een established for this senes of double 
sulphates and selenates, leads in the case of ccesium magnesium 
selonate to such close approximation of tho three refractive indices 
that the crystals of this salt exhibit exceptional optical phenomena 
This includes dispersion of the optic axes in crossed axial planes at the 
orduiary temperature, the uniaxial figure being produced for wave¬ 
length 466 in tho blue, and the formation of the uniaxial hgure for 
every wave-length of light in turn as the temperature is raised, the 
attainineut of uuiaxiahty for i^ed lithium light occumiig at the 
temperature of 94 As the hfe^history of the salt terminates at 100”, 
owing to the presence of water of crystallisation, this substance 
exhibits the property of simulating uniaxial properties at some 
temperature within its own life-range for every wave-length of hght, 
while still retaiiiing the general characters of monoclinic sjmimetry, 
mcludmg slight dispersion of the median Imes In this revpeoi it 
tesembles to a truly remarkable extent the analogous sulphate, which 
the author has shovtn to possess like peculiarities, but it is even more 
gtnfang than the sulphate, as tho dispersion is much largei It is 
interestmg to observe that these optical properties of ctenum mag¬ 
nesium selenate could have been predicted, given the constants o£ the 
potassium salt and the rules of progression established for the double 
sulphate and for the zinc group of double selenates. For the doable 
selenates resemble the double sulphates so closely that m general H 
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may bo said that their propertiee are preciooly parallel, the constants 
and curves being merely moved on to a slight extent by the replace¬ 
ment of sulphur by selcnnim without disturbing their relationships 


''On the Preseuce ol a Glycoljtic £u/}]ne in MuhcIo” By 
Sir T IiAlTDEii PuvNTON, M D, F E S, and HEUBhux Euodes, 
M I) Iteceived IMuy 7,—Bead May 23, 1901 

It found by Claude Bernard as well as by Ludwig and Gene- 
rich that the blood u hicli issuer! from a contracting muscle contained 
less sugar than the arterial blood which entered it This destruction 
oi sugar during its passage through the muscle nught no doubt lie 
partially due to the action of the blood itself upon the sugar, but it is 
natural to think that it may be duo to the action of some glycolytic 
ferment coiitiiiuod in the muscle itself An attempt to isolate such a 
ferment orouzymonus made ]»y one of us (Bmnton) in 1873 The 
attempt was onl^ partially successful The method employed was that 
of \on Wittich Some ftcsh muscle was conimmutod, thoroughly 
mixed with glycerine and allowed to stand for many days The 
glycerine extract was then filtered off When some of this extract was 
mixed with a solution of glucose and allowed to stantl foi some hours 
at the temperature of the Ixsly, a distinct diminution was observed 
in the amount of glucose, while a control specimen of the glucose 
treated m the same way with a similar quantity of pure glycerine 
showed no diminution The piesence of a glycolytic substance was 
thus clearly showui 

An attempt was made to isolate out a glycolytic enzyme from 
the glycerine extract by diluting the glycenno and mixing it with 
alcohol A scanty white precipitate was obtained, but the precipitate 
exhibited little if any glycolytic powei Numerous experiments 
having failed to isolate the ferment, they w^ero not published, and 
the result was only briefiy noticed in a foot-note to a paper on 
Diabetes in the * British Medical Journar of February 21st» 1874. 
At that time, one of us (Bmnton) administered raw meat to diabetic 
patients in the hope of supplying suiScieut glycolytic ferment to 
enable the sugar to l>e better utihsed in the body, and also tned 
the adnumstration of glycerine extract of muscle* The success 
attending these attempts was not, however, sufficient to encourage 
the persistent use of this means of treatment, and the attempt to 
isolate a glycolytic ferment was abandoned for a good many years. 

The success of Buchner in separating an ideoholio ferment from yeast 
by means of great pressure gave ^omiae of possible success m 
separactdng a glycolytic ferment from muscle ?>y similar means, and by 
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the kmdneBB of MesBre Allen and Hanbury, who allowed ns the iiBe of 
then hydraulic press, with a pressure of £ve tf»ns to the square inch, 
we were enabled to lesume the research 'fhe following ^as the 
methorl adopted The Ikuic and superfluous fat were removed from 
the muscular pait of a newly killetl sheep The muscle was then 
minced in a sterilised sausage machine and pounded iii a mortar with 
silver sand The silver sand was previously rlcanc<l bv means of 
hydrochloric acid and washing with water until all the hydrochloric 
acid had been removed The mass was then put into a canvas bag 
and placed under the hydraulic press The juice was received into 
clean, stoppered bottles, the poition which was yielded on diflerent 
pressures lieing received into diiferent bottles The cjuantity of juice 
obtaineil from a leg of mutton w as as follows — 

1750 grammes of flesh yielded approximately— 

At 0 1 ton piesBuio per s(] inch ( ( of juice* 

1 2 tons „ „ 150 c c „ 

„ 25 tons „ „ 125 cc „ 

The method of expenment was as follows —5 to of the muscle 
juice were placed in a flask aiul boiled for one minute, 5 c c in anothei 
flask remained unboiled To each flask 50 c o of a 1 per cent chabetic 
sugar solution and 6 c e of a 1 per cent solution of lactic acid, with a 
fragment (about 0 25 gramme) of thymol wore added* Both vessels 
were luculiated at 37** C for 24 oi 48 hours After the inculiation was 
finished the sugar was estimated in both flasks by titration with 
Fehling’s solution, aftei precipitation of the albumin by lauling and 
neutralisation if required Six experiments were done with concordant 
results, and we have only given the losult of one as being typical* 

Sugar as estimated by reduction of Fehhng fliud— 

1st sample A (boiled juice) 48 hrs * incubation 0 57 per cent dextrose 
2nd „ B (unboiled jmeo) „ „ 0 2 „ „ 

The destruction of sugar in the flask containing unboiled sugar 
seemed to be almost certainly duo to some glycolytic enzyme, as 
the contents of the flask remained quite clear at the time of esqien* 
ment. Later on, however, the contents erf the unboiled flask became 
turbid, and after four days a definite growth of fungi was obtained. 
We next attempted to render the muscle jmee sterile by a Pasteur- 
Chamberland filter The sugar solution was stenlised by bmlmg, and 
all the flasks and other vessels used in these oxpenments by heating in 
an autcMilave* The muscle juice after filtration was com|detely sterile, 
as was shown by the fact that it was kept in a bottle fugged with 
steriHaed wool for many weeks without any bacteiial growth exlrfbi^g 
ksdi The glycolytic power of this sterilised musde juice was tsrfted 
in the following manner * 5 c.c of the sterilised juice was placed in 
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<iach uf two iiasks Iti one of them the jmce wa^ boiled ao ae to 
destroy any glycolytic ferment it might contain Into each flask we 
then placed 30 c c of a 2 per cent stenle solution of diabetic «&iigar 
They were mcubatod for forty*eight hours The amount of sugar 
in each flask was then ascertained by titration with Fehhng’s solution 
in the same way us l>eforc, and the losult obtained was 1 5 per cent 
of diabetic sugar in the flask containing boileil moat juice, and only 
0 75 per cent in the flask containing unboiled juice A \ery distinct 
glycolytic action is thus show n by this cxpennient, w hich w us repeated 
three times with identical j csults 

A number of experiments were now made to isolate an enzyme by 
dialysis through membranes consisting of sausage skin or parchment 
In the first senes a distinct glycolytic action w^as obsci ved, but this 
was proliably due to 1 me tonal rution, as the media became turbid, and 
in a subsequent senes mmle wutb aseptic precautions no glycolytic 
pow’er was observed in the dial\sate, although a fleetuleiit precipitate 
resulted on the addition of absolute alcohol 

An attempt was made in another senes of experiments to isolate the 
glycolytic ferment of muscle itself by precipitation These were not 
fluccessful Fresh jmeo was mixed w*ith font times its volume of 
absolute alcohol, the precipitate w^as collected, dned an<i pulverised 
It was then extracted with glycerine, but this extract had little or no 
glycolytic power It gave a white flocculent piecipiUte with almolute 
^cohoJ, which was soluble ni saline solution, but which w^as quite with 
out any glycolytic action whate\er The action of muscle juicc was 
also tested on neutral diabetic urine and on a noulral solution of com¬ 
mercial dextrose The i esults were as follow^s — 

Flask C containe<i 2 c c boiled muscle juice and 10 c c neutral 

diabetic unne 

„ D „ 2 c V unboiled muscle juice and 10 c c neutral 

diabetic unne 

After 50 hours' incubation at 37“ C 
C contained 1 26 jier cent* of dextrose 
D „ 0 75 „ „ „ 

Flask E contained 2 c*c boiled muscle juice, 10 c c noutial diabetic 
unne and Ice of a 1 per cent* solution of 
lactic acid 

„ F „ 2 c c unboiled jmoo, unne, and lactic acid as E. 

Again after incubation 
E contamed 2 6 per cent* dextrose 
F „ 06 „ 

Fbiok G oontained 2 c.c boiled muscle juice, 10 c c* neutral solution 
of 0*5 per cent commercial dextrose 
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Flask H contained 2 c*c. unboiled muscle jiuee, the rest as G after 
incubation 

„ G „ 0 37 poi cent dextrose 

„ H gave no reduction with FeWing's solution 

The expenmonts that ive ha\o doscnlied prove, wo think, that 
xDUfiole certainly contains aglvrolytic enzyme, though it is of such a 
delicate natme that ne ha^e not been able to isolate it without 
destroying its powei 


Jtme 6,1901 


Annual Mooting for the Election of Felloi\s 
Sii WILM AM HITGGINS, K C B, I> C L , President, in the Chair 


The Statutes relating to tliu Election of Fellows having been read, Sir 
George King and Professoi llerliort McLeod were, with the consent 
of the Society, nominated Sciutatois, to assist the Secrctanes in the 
oxaimuation of the balloting lints 


The votes of the Fellows present weto collected, and the following 
Candidates wore declared duly elected into the Society — 


Akock, Alfred William, M B 
Dyson, Frank Watson, M A 
Evans, Arthur John, M A 
Orogoiy, John Walter, D Sc 
Jackson, Henry Bradwardinc, 
Capt KN 

Macdonald, Hector Munro, M A 
iMansergh, James, M Inst C E 
Martin, Charles James, M B 


' Ross, Ronald, Major (I M.S, ro- 
j tired) 

Schhch, William, C IE 
Smithells, Arthur, B Sc 
Thomas, Michael B Oldfield, F Z S» 
Watson, William, B.Sc 
Whetham, William C Dampier, 
MA 

Woodnard, Arthur Smith, F GB- 


Thanks were given to the Scrutatois 
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Jmie 6 , 1901 

A List of the Presents received was laid on the table, and thanks 
ordered for them 

The following Papers were reacl — 

1. ** On the Electric Response of Inorganic Substances Prehminary 
Notice” ByPiofessorJ C Bosk Commmucated by Sir 
M Fostfk, S<‘c E H 

II “ On Skin Currents Part I —The Frog's Skin ” By Dr 
A I) Wau^r, F K S 

III “Vibrations of Rifle Barrels” By A Mallock Communi¬ 

cated by Lord Rw i ekih, F R S 

IV “ The Measurement of ^lagnetic Hysteresis ” By G F C* 

Seakle and T G Bedford Communicated by Profeisoi 
J J Thomson, FRS 

V “A Conjugating ‘Yraat’” By B T P Barker Communi¬ 
cated by Professor Marshall Ward, F R S 

VI “ Thermal Adjustment and Respiratoiy Exchange in Mono- 
tremes and Marsupials a Study in the Development of 
Homo-thermism ” By Professor C J Mariin. Communi¬ 
cated by £ H Starling, F R S 

VII. “ On the Elastic Equilibrium of Circular Cylinders under certam 
Practical Systems of Loail ” By L N G. FiLON Commu¬ 
nicated by Professor Ewme, F R S 

VIII “ The Measurement of lomc Velocities in Aqueous Solution, and 
the Existence of Complex Tons ” By B D Stusta. Com- 
municaterl by Professoi Ramsay, F R S* 


“ Yibrationa of Rifle Barrele ”• By A. Mallock. Communicated 
by Lord Bayleigh, FE.R. Received May 2,-—Read June 6, 
1901 

It Ima long been known that a shot fired fiom a rifle does not in 
gmieral start from the muszle in the direction occupied by the axis of 
the barrel at the first moment of igmtion of the charge. 

* The grmtor part of the notea from wbioh this paper i« drawn were made in 
1899, hpt dnoe that time the intereeting expenmente of Messre. Crass and JCoidi, 
of flSattgaii, oa the esme suhieet have been publiehad, and I have looked thnm^ 
my nobee a|^ and put them in Mr preeeitt fom, as it may bo of mmie mteeeet 
to oeaaipm reenlti bbteined in such dil^ut wi^ 
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The late W E. Metford M^as, I behove, the first to point out the 
origin of this deviation, showing by expenmcnt that it was due to the 
unsymmetncal position v Inch the mass of the stock held as regards 
the liarrel, and, further, that if the initial direction of the shot passed 
below the appaient direction of aim when the rifle was hold in the 
ordinary position, the initial diieetiou would be high if the rifle weio 
aimed upside (low n, and to the right or left if the plane of the stock 
were horizontal and the stock itself to the left or right of the 
barrel 

Ho showed, m fact, that the initial diieetion of a shot lay on a cone, 
whose axis was the axis of the barrel at the instant before the ignition 
of the powder, and in a plane containing the axis of the liarrol and the 
centre of giavity of the rifle, and he rightly attributed the deviation of 
the shot to the bending couple acting on the band, due to the direc¬ 
tion of the force causing the rocoil not passing thiongh the centre of 
gravity of the nfle 

The object of this paper is to examine this problem of “ flip ” or 
jiuup,” as it IS called, from a mathematical point of view, and to show 
what efieot may bo expected from gt\en variations either in the length 
I of the barrel, the nature of its attachment to the stock, or the nature 
I of the explosive employed 

The investigaliun is not merely a matter of cunosity, but has an 
important l«anng on the accuracy of nfle shooting, and until some 
method is intixiduced, not of uvoiduig “ jump,” but at suitably regu¬ 
lating Its variation with the variation of explosive force, I think no 
great advance will be made on the piocision already attained in modem 
rifles* 

This precision is already considerable, and, roughly speaking, any 
good modern nfle vn\l shoot with a piubable deviation of comitderably 
less than 2' from the intended path When the results indicated in 
the course of this paper are considered, it seems wonderful that such 
accuracy should be possible, and it speaks well for the quality and 
uniformity of the ammunition that such good shooting should be 
common 

The problem of “jiunp ” may bo stated mathematically thus —“An 
elastic tube, to which a mass is unsymmetncally attached, is subjected 
for a given time to a couple of arbitiury magnitude Determine the 
subsequent motion ” To solve this problem we must consider the tube 
and its attached mass as forming a single system, and examine what 
arc the natural modes of vibration of this system, and what their 
natural periods The arbitrary couple must be expressed m an 
harmonic senes as a function of time, and the forced vibn^oh which 
each term of this eonos will evoke m the system calculated. 

To represent the initial omiditiona (namely, that at the mcment 
before the explosion the ImitcI is at rest mud tmrestfaitied), soeh free 



Vxhratiom of ^29^ 

\ihratioiis of the ByBtem mtut be supposed to exist lis, in comTmiatiuii 
vich the forced vibration, will satisfy thrae conditions The suljse- 
quent motion will then lie determined by taking the sum of the forced 
and free i ibrations as long as the arbitrary couple acts, and u hen this 
has ceased to act, the sum of the free vilirationB only 
If the system could lie represented by a uniform rod, the solution 
might at once bo expressed in symbols, suice the theoi v of the traits 
torse vibiatioiiH of rods and tulass is noil known When we (ome, 
howoioi, to a “system” like a nfio, although in many respects its 
1)cha\iout may be compared with that of a uniform clastic rod of 
“equivalent length,” the ratio liotween the {>erio<.lB of the vibiations of 
Its VHiiouH modes aie ulteie<l, and roconrse must 1)0 hml to experiment 
to detonnine both the natural periods and the position of the nodes 
As fat, howcvei, as the nfle can be consulered as being represented 
by an cquivalont rod, it must lie looked upon as being free at both 
ends at the moment of hnng, Itocauso the motion communicated to the 
rifle IS BO small at the time the shot leaves the murzle, that the con* 
straint ivhich hands and shoulders can impose on it is negligible com 
pared to the accelotation foices called into play by the explosion 
This lieiiig so, the slowest vibration of which the system is capable 
18 that with two nodes The next m order of lapidity will have three 
nodes, and so on, as shown in the figures 1, 2, 3 


Fie 1—Model 
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The figure luisiuned by the muzzle o»d of the barrel will be nearly 
exactly the same in each mode as the figure assumed in the corre¬ 
sponding mode by an uniform rod whose length u such as to make the 
chstance of the node from its free end equal to the distance from the 
node to the muzzle of the nde 

The couple which acts on the liarrol during the explosion is measured 
by the rate at which the shot is accelerated, the distance of the axis of 
the barrel from the centre of giavity of the rifle The effect of a 
given couple in causing a particular mode of vibration m tho bane! 
depends on its point of application with refeience to the nocles of the 
system as well as on its luagmtude 


Fro 4 



Q8 •• PR * JfpQ « Q r M ygif 

CRIKD IB the ourr# luto wluch CD m bsat by p ootuig at P 
CLTMD IB that part of deformation wluoh belongs to tlie mode of vibration 
which has nodes at C and D 


If in fig 4, C and D arc two adjacent nodes lielonging to some 
particular mode of vibration, it is evident that a couple applied midway 
between C and D would not cause any displacement of the system in 
this mode 

If a IS the distance between the nodes C D and a couple pd at point 
P distant x from c, there will be 

(1) A downward force at C - pd/Zx with an equal upward force atP, 
and 


(2) An upward force at 1) = 
at P 


^ (<f- x) downward force 


On the whole, therefore, there u at P an upward force acting 



Buppow - cF to be the duplaeement which the force P would 
cauae if acting at the point Q, midway between C and D. It » 
hsowB that if a force P aotiqg at Q causee a di^laoanent pgq at P, the 
•ame force acting at P wiU oaiue a dieplaoeinent pi., at Q, that u 


• Thu theoNiB Is dm to Lard 
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ApproximAtely, the equation to the curve between the nodes C and D 
for the mode of vibration y^hich has these nodes may be taken as a 
simple harmonic function of t 


or 


V 


fqQgin 27r 


X 

~ j 

a 


hence the displacement at P due to F acting at Q, and the displaoement 
at Q due to F acting at P, are each equal to 


CF SHI 2ir - 

a 


or 


Viiv 


pi rt - ‘Ji* 


am 2tr - 
a 


0 ) 


In a riHc the point of application of the couple is settled by the 
nature of the coniieotion between the sto( k and the barrel, and it is a 
matter of groat diificully to make certain how the stiains aie dis¬ 
tributed The actual maximum pressure in the baiTel which is spoken 
of as “chamlier pressure ” is know^n for ViUious small aims and various 
explosives with consideiable accuracy, but the curve of pressure in 
terms of the travel of the shot along the barrel is much more difficult 
to ascertain In this paper, therefore, I shall consider several types of 
such curves ni ordei to show what effects are to lie looked for as the 
pressure curve changes its character 

The condition fulfilled in each of the pi^essure curves considered is 
that each must give the same muzzle velocity to the shot by actuig on 
it through the length of the barrel, and in the numerical results given 
the velocity and weight of the projectile are taken as 2000 feet per 
second and 215 grams respectively, with an offeetive length of barrel of 
2 3 feet, these being nearly the velocity, weight, and length of barrel 
used m the Lee-£nfield nfle 

The simplest case of all (and the furthest removed from truth) is 
that of a uniform pressure acting on the base of the shot throughout 
the length of the barrel 

Here we have, if po » the acceleration, the muzzle velocity, C the 
time takeiij^by the shot in leaohing the muzzle, and I the length of the 
barrel, 


«m - JP«C 

(2). 


(8). 


(*), 

(C-?i .. . • 

Vm 

(8) 


2 A 


voi, ixmL 
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Putting 
we have 


pa 


2000 f 8, and ^ *= 2 3 ft, 
860,000 f 8 s , f « 0 0023 seps 


An accoloration nf 800,000 i8 about 27,000y, so that a uniform force 
of 27,000 times its own weight, or 81^> lbs , would giie the 215 giain 
shot its obsened velocit\ in the aduid length of the barrel 

With a unifoim force, the piCRSUic (une in terms of flpare is the 
same, of course, as if ox^irossod m terms of time, but for any othei 
case wo must, for the purpose of thib paper, express the pressuio cut ve 


the shot in the lurrel) in terms of tune 

The piesflure nt time / being we have 


(h , 

p-jt' 

th) fft» ih , 

jftds sss i fit' 


' - ./(2p«^) 

(6), 

and 

l.,/(2Jyii/.) 

(7) 


If we take the coae of the prosBiiro decreasing uniformly with the 
travel of the shot, it is easy to show by (6) and (6) (although th& 
analogy with the force acting on a pendulum or spring at once suggests 
it), that the velocity and position of the shot are — 

(»<), 

m, 

( 10 ). 

. . (11) 


S - /(l-tosf,^^^ 

r St y/poleintj^ 


Pq 


r 




With the before-mentioned values for /, v, and to, » 1 174 x 
10*{,BS and % » 0*00171 second 

One more case by way of example will suffice. Let the prenure 
decrease uniformly with the time so that 


Po 


(-i) 


(IS). 


( 1 *)» 


From this we got 
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and tho ielation between and it is 


2 \ On 


Po Po^ P(^ 

From (13) (N), ubiii^ tho ^ibove values for ?,« aud /, 

/>ri 2 3J X 10'* f s b 0 0 00173 set 


(15) 


The three uibos aic ilhistrated lu diaj'rams 5, 6, 7, in which tho 
vaiious curves show tho jiressnns velocity, and time elapsed since the 
beginning of tho motion dunng the iviasage of the shot through the 
liarrel 

Diagrams 8, 9, 10 show the piessiuo in tetms of time, and it is 
these cm ves which have to ho represontod by a harmonic series 

In Older to avoid having a constant toim at the bogmmug of the 
senes, tho fundamental / is Ukon equal to 

ITien by tho ordin try rules for hnding the uooiliciont of a Fourier 
senes, tho succession of battlements ” which form tho pressure (urve 
in case 1 (tmifoiin ;u:*cclci<itK)u), we find 


P 


Po 


4 r » ' 1 

- < sm Jtt + sill 3 
TT L M 






+ p BUI 5 27r / + &c 

6 /i 



In case 2, where the piessure curve la a succeBsion of half-lengths of 
a simple harmonic curv c, the general coefficient of the 9ith term is 

, 2 4m 

^,r4«^-r 

and the senes is 

+ } .. ( 17 ) 

The series £« case (3), whore;» = f»o^l “ 

J* - jjo 118in2 «• ^- + 2 «« ^ ^ ^ j+&c I (18). 

The coeftcients in series 17 and 18 soon become sensiUjr equid in the 
oori’esttonding higher terms of each. 

In ^e oases just considered, except the first, it is assumed that the 
preesure at the miude is sero, which of course is not true, but the 
existence of a tondnal pressure can be readily repreeeated by adding 
a series of the form of (16) of suitable magnitude. The effect of this is 
to increase the relative unportance of tiie fint and all rite odd terms. 

We must now examine the forced vibrattons whieh each term of tlm 
sdnet expressing the accelerating presenre would eet up in the rifle, 

a At 
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•bfqponng that the harmonic couple it rqireemita continued to act. B 
T], Tx. . Ta, are the natural perioda of die vanoos modes in which 

the mile can vibrate, and d the distance of the centre of gravity from 
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the axis of the barrel, the f oi ced oscillation which the «th term m the 
Bones will evoke in the w/lh mode of the rifle will be, when expiCBBed 
as the angle through w’^hith sonio particuLn part <jf the system bonds 
during the oscillation, is 

0 - -hinJnjr/ (19) 

1 - Tnm h 

In this expression 0^^ is th(‘ angle at the phuo of ohsci vation which the 
unit couple would cause it acting to piodutc a displacement of tht 
system m the wth mode (the laluu's of can b(‘ found #ipproMmatoly 
by statical experiments on bending) 

Art IS the nutncnctil coefiicient of the t*th U^ww of the harmonu 
senes, and 

<ln,. - ^5^" "• ^ (-iO) 

fdi 

To rcpiesent the initial conditions, whnh aie that the moment 
Itofore the explosion the bane! I'j at rest and unstrained, it suffices to 
suppose the co-oxistoiice of free Ob( illations of the system, with phases 
and amplitudes such as to make the velocity and disjilacoment /eio 
when / - 0 If and ft fire the amplitudes of the forced and free 
Mbiations rospoi tivoly, we have 



(f sin 23r / +/>sin 2ir,,( 0 

M Jl,| 

(21). 

and 

27r .. t 27r, i ^ 

Y“f(cOH27r- cob 277-0 

(22). 

whence 

h 

q»,H - - 

a 

(23), 


hence the fioe vilnation, which at / ^ 0 leaves the system at rest, so 
far as the osmllatiun excited hy the nth term in the mth mode is con* 
oemed, has q^w times the aiuphtude of the (onesponiling forced 
vibration * 

It is convenient in the complete expression foi displacement to refer 
to the natural poncKls ot the system, which are constant, rather than 
to the periods contained in the pressure curve »So, substituting for in 
Its value Ttn/qntn, we have for the angular displacement of the system 
at that time i^ter the explosion (t for the sum of the forced and free 
vibrations at that time due to the term and mode luider coneideration) 

* For the purposes of this paper it u not uecessaiy to eonstder the gradual 
exUuction of the free nbraUoni, for the uambor of periods invoived » so small, 
•TMi for the highest oomponeot taken into aooount, that extiuotum will noimate- 
naUy affeoi the amplitude 
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V„m ^ ( 7 MwRni 2 j»^ - sm i/„,„2jr \ . (24) 

* " \ Am Am/ 

Diagram 11 kHo^^b the cuiveB teprcBeiitod h^ the fuiictioti 

'-from t/> - 0 to <j> ^ Jtt iiiin 7 — (^6 to 7 « 4 

When 7 -= 1 this oxpicsflioii takcN the foim of at U ^^huh, evaluated 
in the usual way, gives 

</# (Oh f/> ' will c/> 


I vmII nov\ apply the ailo^o lesulis to exatnine the foim of the Lee- 
Eiitiehl riHo at the momont the shot leaves the liaricl, aesumiug that 
the presHUie developed iluinig the explosion is that shown in hg 10 , 
taking into consideiatioii the first thiei^ terms of the harmonie senes 
foi that cur\(5 and the fn*st throe modes of vihit^ion of the nfle 
foi this 11 /tc It \^ah found i>y expeuraent* that a couple of 1 foot-lh 
acting at the nodes (aused at the imi/He the following dcfieetions — 

Mode 1 Oj ^ r n 

Mode II Di - 0 7()5 

Mode Ill Hj ^ 0 565 

In the aiithonsed * Text-book for Military Small Arms ’ the initial 
pressure in the thamlret of the LceEnheld is given as 15 tons per 
squaro-iiKh 

The area of the base of the sliot is 0 0725 square-inch, so that the 
initial piessuro on the shot is 1 09 tons or 2450 lbs Since the weight 
of the shot itself is 215 gis, the force acting on it is x 2450, 
nearly 80,000 times its own weight Multiplying this by g the 
acceleration which the shot would undergo in the absence of fnotion 
111 the barrel is 2,560,000 feet pei scpond per second 
In case 3 (14) the initial pressure was found to be 2,320,000 feet per 
seoond per second, so that, allowing foi tlic foico loquired to press the 
shot the nfling and the fnetion 111 the liairel, it seems probable 
that Ihe pressure curve of case d icpresents with some degree of 
approximation the actual acceleration which the shot expenenoes 

* It would ooeupy too mucli tpsoe to dovoribo these exponmenU m detwil They 
wm made by loads suitably placed ou the nfle, and the dotlections caused by them 
were meammid by optieol meant Tbe defleotiont so found wero reduced to wbat 
they would hare been bad the aotioii of the couples been co&cautrated at tbe nodes 
In virtue of the approximate straightness of the free end of a ribmtiDg rod, the 
angular dedectiou at tho mnssle was taken at equal to tho angular deflection at the 
aem^ node Hence the didleottons abo^e pten are nH&er less than the trot 
vslue* 
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Hie centre of gravity of the nfie is juat an inoh below the axis of 
the barrel, and, taking the accelerative presmire on the shot as 
2250 lbs, the bending couple at the first instant is 187 ft -lbs 



Thus 

- J18 ft -lbs, ptiflAo 59 ft -lbs , poffA** 40 ft -lbs , 


Table I 

Oifh/lAi - 13.V %oriA, - 90'5 - 66'5 

0}p(^lAi **■ 00' 5 0'^(/lA» “= 45' Aj “ 33' 3 

^ijpodAs ** 45' ^sPftdAa - 30' ^npo^As “ 22' 2 

These are the angular displacements which the muzzle would 
undergo if in each case it experienced the full statical effect of couple 
corresponding to the first, second, and third term of the senes ropre* 
senting the explosion curve ootnig so as to deform the system in the 
first, second, or third mode 

Owing, however, to the position of the point of application of the 
couples witli reference to the nodes of the vanous modes (see I, and 
figs. 2 and 3), it appears that foi the first mode the couple will cause 
0 88 of its full effect, as for this motie the node N/' comcides nearly 
with the point of application of the couple The nodes Na' and Ni' 
of the second mode fall at such a distance from P as to reduce the 
effect of the couples to about 0 35 of the above value And the reduc* 
tion » about 0 6 for displacements in the thud mode 

The following table is an approximation to the actual values of— 


Table II 




m 


_ _ - 

* 

1 

2 

8 

1 

117' 

SI's 

80' 

2 

fi9' 5 

16' 8 

20' 

8 

80' 5 

W 6 

18'»2 


To determine the periods T|, Ta, Tj, namely the natural penods of 
tlie nfle in the first, second, and third inodes, experiments were 
by tapping tiie barrel so as to excite tbe modM in questioin, and deler^ 
nuttittg the notes emitted by comparison with tuning forka. The 
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poBittoiiB of the nodes were found by noting the position of Ae pomta 
of support which did not damp the vibrations in each mode examined 
The results were as follows — 


Table IH 





DisUuoa of 


j Krequenpy 

1 

PeruKl 

iieerest node 
from muscle 

I 

Per tec* 

sec 

m 

Model . ss 

66 

0 015 

12 6 

; Mode IT 

172 

0 00676 

8 6 

J Mode III . 

a95 

0 *00263 

6 6 

1 


In case 3, again, the value found foi £ aas 0 00173 second, hence 
for the assiuned ammunition /) =: 0 00346 second 
We can now construct a table of the ^HIue ol 


Table IV 

Values of for w »* 1 to — 3, a 1 to « 3 



T, 

T, 

T, 

U 

4 a 

1 64 

0*78 

ft 

8 0 

3 28 

1 44 

h 

17 2 

4 02 

8 M 


The abscissa on Diagram 11, which corresponds to the time C 
will be 

For Mode I 42 5 


Mode II 



Mode III 


If then Diagram 11 had curves for all values on it, we should, in order 
to determine tibe deflection (due to vibration evokedmthe erthmode 
the «th term of the harmonic senes) of the mnzde as the shot leavee it, 
merely have to take the ordmate of the curve for which q ■> q^ at the 

abscusa 2ir ^, and multij^y this ordinate by as given in 

Table I, but the diagram, to avoid confusion, has shown on it only 
curves relating to a few values of q. 

Ueing, however, die valudi of q^m given m TaMe IV, and computing 
for these tsluee, by 24 it is found that 
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HoacOf adding these roflulta, we find for the total upwaid deflection of 
ST/ 85, a downwaid (lefle(tion of 65' 25, ot finally, a resultant of 20' 6, 
as the angle which the insUntaneous axis makes in an upwani direc¬ 
tion with the unstmnitrl axis of the bai lol, at the moment of the shot 
leaving the mUKrle 

The (oniRC of the shot dillcTs from iiistantaneons axis of the barrel 
hy an amount depending on the latio of the transverse linear velocity 
of the mu/zle (duo to the \ilnation) to the mu/zlo \elocityof the shot 
The tiansveise \elo(it> v' of the muzzle (oiisequont on the ath tenn 
\ibiation 111 the /nth mode, run 1 k) oittained by dillerentutmg with 
lOfljKKt to ami multiplying hi Ui,, (the diataiRO of the nearest node 
of the /j/th mode from the mu/zle) Wc then find the ratio 


«i« A >_ 

V,.X4l-y',.„,)r T„ 


f \ 


erw — i 

t »(/ 




Computing fiom rhw a uhle of coiroetions of angle (oncspomiing to 
'I'ablc V representing the dteiatious of thi values of the angles in 
Table V depending on the vcrtnal hno‘u speed of the bun el, we have 
appruximuteJ> 

Table VI 



I 

H 

111 

1 

1 

4'6 up 

a' 5 down 

6' 0 up 

2 

0' 36 

0' 0 ] 

(yo 

3 

O'31 

O'8 

O'O 


01 on the whole 6' 9 of upwanl lucliuatiou must lie added to the 20' 6 
found from Table V, so that the flight of shot lies 27' nearly above the 
direction of the unstrained uxia* 

The actual jump found bj experiment for the Loo-Enfield utie is, I 
Insheve, nearly about this amount) but from the uncertainty of the 
positions found for the nodes in the neighbourhood of the breech, and 
the small nunibei ol terms computed, as well as the doubtful approxi¬ 
mation to the pressure curve, no great atcuracy could bo expected 
The example is useful, however, and is uitroduc^ to show that the 
^utnp depends on the dilFeroiice between comparatively iatgo quantities, 
many of which are sure to be varying rapidly with 
The venations of be oaused either by the variation of Tm 

or i^n* For each individiud rMe Tm exf course u coustemt, depending m 

It he aoLioed that in (SA) Mid (2ft) db must * 0, end 
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it does only ou the elasticity and mass of the weapon, but tn and 
depend on the rapidity and rate of the explosion 

Suppose that in place of assumed explosive a slower burning explosive 
were used, with a charge sufficient to give the same mussle velocity* 
This would cause an increase in £ and t%i , that is, (jnm would bo dimin¬ 
ished, and, owing to the greater tenninal pressure (see (16) ei seq ) all 
the values of An for n odd would be increased in relative importance 
compared with those for n even The result in the case of a small 
variation of this kind in the Lce-£nfield would be an increasod upward 
jump 

A lowet muzzle velocity vonld also correspond to an iiicreiiso of S, 
and would give an increased upwaid jump m this nfic, and at some 
particular range it should be found that the variation of jump and 
vanation of initial velocity compensato one another, and that for 
moderate vanatioiis of cliarge the bighting <it this lange does not 
require alteration 

The natural periods of the rifle may be altered cither by adding 
mass, or shortening the barrel In the first case C will remain lui- 
altered, and will ineiease, thus the tendency of a small mass addeil 
near the muzzle will be to make the nfle shoot low 

If the barrel is shortened both and are diminished, but the 
alteration in T,m (which depends on the square of length of the 
equivalent rod) is much more important than the alteration m , 
hence a small shortening of the barrel may bo expected to cause a 
considerable diminution m qnw and a corresponding increase in 
upward jump 

The most important factors in these changes (as regards the Ijee- 
Enfield) are 2 and yi s, that is the eflect of the first term of the 
harmonic expansion of the explosion cuivo in exciting the 2nd and 
3rd mode vibration of the nfle 

If ammurution could be miule absolutely uniform m its action,, 
“jump” would be of comparatively small importance, but the 
± 40 feet per second by ivhich the initial velocity of the service 
bullet varies may, by altering the factors on which “ jump ” depends, 
exaggerate with some dosses of nfles, and dunimsh with others, the 
vanation of the trajectory due to the eflect of gravity and the altered 
initial velocity 

Suppose a nfle to be aimed and shot from P„ fig. 12, so as to hit 
the centre of a target Tj at range It, when the initial velocity is V* 
What will be the effect on the aim of a vanation of the initial 
velocity ? 

Let a be the angle of elevation of the nfle and ft the an^e of 
descent of the bullet at Tj. Let P be the place in the trajeetory of 
the shot (whose initial velocity is Y) where the velodty has hSbm to 
V- f. If a shot is fired from P, with the same sighting as was need 
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at P| and with the initial velocity V -the trajectory of thia shot will 
always be a constant distance P]Pj below the trajectory through Pj, 
and will therefore stnke the target T, at this distance below the 
centre If a second target, Tg, is placed at a distance PiPo (»= a) 
behind Ti so that PiTi = PjTj - li, the sotond target will be struck 


Fie n 



cf^p below the hit m the first Urget> hence since - aa, theorroi 
due to the variation of initial velocity is a (a f P may lie found 
from the range tables of any nilc by the relation 

P — ll daliill 

Applying this to the Leo'Enheld, the following t^ible shows the 
ermrs due to a vanation of 40 foot per second in the initial \elocity, 
on the assumption that the dnoctioii of the shot w not affected by 
“jump” 

Tabic VII 

a 04 feet « distance from muzzle at nhich the sfioed has fallen 
40 foot jiei second 


Baiifio in 

,«rd» 

a 

e 

a (« + S) 


m 

4' 

48' 

feel 

0 141 

re 

fiOO 

31' 

48' 

1 17 

2'16 

1000 1 

8H' 

144' 

8 8 

4'35 

isoo 

177' 

880' 

7 « 

ffo 

9000 ) 

305' 

iW 

13 8 

7'8 

asoo 

477' 

980' 

93 0 

10'6 


These errors are comparable with, but, especially at the longer 
ranges, greater than what the best shots are liable to m practice, so 
that with this particular niie the compensating action of the variation 
of “jump ” IB a distinct advantage * 

For some time 1 was under the impression that the complete elimina¬ 
tion 6t the effect of “jump” which could be effected by a recoding 
band, such as has been used in some repeating nflea, would lead to 

* The fbi^ ihaS in this Htfs variafeiCn of “Jump'' had acorreotwe oflhot wh 
notiod^ tiM late Sfr Hear/ Halford 
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imp^roved acctiracy in ahooting, but in view of the abo%e lesult-e it 
would appear that this is not the case * * 

The present inquiry shows that m the design of a i ifle it is most 
impoi Unit to consider the relutKiii<! lietwecn the explosion force and 
the natural periods of the rifle, considered as an elastic structure, and 
that probably the < ompcns*iting effect above mentioned might he made 
of muie use than it is at present 

For this purpose the ('xjilosioii curves for vairous cLwses of ammum- 
tioM and the vanations to vihich they are liable shouhl be atruratcly 
known, and the proportions and length of the barrel, as i\ell us the 
attachment of the liarrel to the stuck, should be ho airanged uith 
regald to the nodes of the system as to make \ariatioii of “jump’' 
with the variation of initial ^ tlocily most noaily lialancc, within certain 
rungeSf the alteiatioii in the tiajcctory which graMty would othciwise 
effect in \nrtuo of the altered initial \elocit> 

To show the Roit of ad\antago which may be obtained by this 
means, we may, for example, suppose the nfle to l»e so constructed 
that for some particular class of ammunition the variation of “jump” 
due to a ± 40 f s of initial velocity causes downward or upward 
variation of 0' in the initial direction of the shot Then by subtracting 
6' from E in Ta]»le VI1, and multiplying by E, we get the following 
results — 

Table VIII 

Enoi due to ± 40 f 8 in initial velocity 

Error 


100 yards 

Without lump 

± 014 feet 

With jump 

T 0 38 feet 

500 „ 

117 „ 

170 „ 

1000 „ 

38 „ 

1-26 „ 

1600 „ 

7 8 „ 

000 „ 

2000 „ 

13*8 „ 

±315 „ 

2500 „ 

23 0 „ 

9 8 „ 


Such a correction, if it can be realised without an mconvoment 
construction of the mechanism, would be valuable for military pur* 
poses now that long range fire is becoming of such great importance^ 

* Ihere auother form of “ jump,” itowever, m the Los Eufield rills, whose 
abifinss is most desirable, as it introdnoes honxontol moTems&is of the barrel It 
depends, not on the ncesleratioxi of the shot, but on the statical pressure of the 
powder gas anting cn an uns^mmotneal breeoh-elosing ootlon, and the remedy, es 
wril as the disadTantages, ere so clear lu this ease as not to call for f avtberntinarh 
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'X Coniu^i^ting *YeaHt’" IJy B T P Baukkk, BA, (fOinille 
and Cains College, Camlaidge Commmncated hy T’rofessor 
MAR«%UAn. Waihi, FI5S Kwnved M.iv 4, —l!(*ad June C, 
1901 

(\I»sUact) 

At the outset, the idea of a true yeast {StmlKuotnifrf's) which conju¬ 
gates may appear anoniulous in the eKtieme, but it is not impiobable 
that such an event h/is been obsoived before in sneh oigainsms, though 
the phenomena have been nusinterpreted 

The yeast which is the subject of this commumcatioii was obtained 
from commercial ginger, pieces of this substance lieing placed in stenlc 
auccharoBO-Mayer solution ami kept <it 2V C until the oigaiusma 
aituatetl on the surface of the ginger had attained vigorous growth 
These were separated by means of fractional plate-cultures of beer-wort 
gelatine 

The colonies of the yeast-form, as seen on licer-woi-t gelatine plate- 
culttu'es, appeared to the naked eye as small rounded white dots, alioiit 
the sire of a pin's be/id Uiidei the low power of the micioscopo 
colonies on the surfar e of the gelatine had regular edges, while sub¬ 
merged colonies had a woolly appearance, due to numoi ous radiating 
branches 

A pure culture w^as obtained fron a colony developed from a single 
cell kept under observation in a hanging drop of beer-wort gelatine 

Streak cultures on beer-wort gelatine and lieer-woit agar are of a 
milky-looking brownish-white colour, and have well-marked regular 
crenate edges Streak cultures on potato and bread are milky-wbite 
when mout, and chalky-looking when dry, on pieces of moist ginger 
their colour is darker 

A yeast-nng is formed m old cultuies on many liquid media, but no 
fllms are produced. In tubes of beer-wort, which have been actively 
fermenting, the nng makes its appearance m 10—14 days at 25" C. 
It is milky-white m colour, and looks like a layer of cream, deposited 
around the edges of the liquid Such ntigs are also formed on dextroso- 
Mayer, lievulose-Mayer, sacoharose-Mayer, and maltose-Mayer solutions, 
being particularly well developed on those liqmds which have undergone 
an active fermentation 

The vegetation of the cultures desonbed consists irf typical ovoid and 
round yeast cells, and in the older cultures a few sausage-shaped and 
many irregular cells also, some of the latter oontaimng spores 

Beproduotion by budding in a typical yeast-hke manner is the usual 
metlmd of growth, taking place imt at 25—SO" C, the maximum and 
minimum htiiits beteg C and 10—13" C. respectively. 

Bq^roduetaion by sperm occurs under the usual conditions of spore- 
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formation for the Saocharomycetoe The i^rplum-black method gives 
a plentiful supply, while apore-contaming eetU Utre frequently foiuid,in 
old cultures on nutrient media, whetheror liquid The spore- 
containing cells differ from those of mhtt other Saccharomyootes in 
lieing compound cells, t f , they consist ot two onlinary ovoid or round 
cells which have conjugated by means of a beak developed from each, 
the tips of the Tieuks fusing, the process thus resembling the well-known 
case of conjugation of many Algse and Fungi The compound cells 
are thus made up of two ordinary yoast-like cells joined together by a 
narrow nock, the length of which vanes according to the circumstances 
under which spore formation has taken place 

Details of the process have been observed in hanging-diopsof distilled 
water, in which have been placed a number of vigorously growing cells, 
the temiieraturo being kept about 25* C The cells, oiiginally clear 
and homogeneous, in a few hours began to grow vacuolated, and 
numerous bright-looking granules made then appealance In twelve 
or more horns after sowing, a boak-liko tubular process w'as put forth 
by many of the cells The beaks of tuo neighbouring cells grew 
towaids each othet until their tips wore in contact Fusion of the 
walls then took place at the point of contact, being followed by the 
fusion of the protoplasmic contents of the beaks, which were clearer 
and brighter than the rest of the protoplasm m the colls In a few 
hours after fusion, the protoplasm began to contract in the cells, and 
small round masses were fotmed these eventually developed into the 
spores 

The bright granules in the cells arranged themselves into groups m 
connection with the aliove masses and formed a network around them, 
the final differentiation of the spores being completed by the formation 
of a ooll-wall around each mass The size of the ripe spore is 4—5 , 
and the number in each compartment of the mature cell vanes from 
one to four, the most common arrangement being two in each 

The spores germinate in a normal manner After swelling thqy bud 
like ordinary voast-cells Fusion of spores in some cases seems to 
occur before germination The optimum temperature for spore forma¬ 
tion lies between 25** C and 30** C, the first signs of spores appearing 
in 16—24 hours At 34“ C, 32—36 hours are required, and at 
36—37* C, 2—3 days Above 38* C no spores are formed. At 
13—15* C, 10—14 days are required, and below 13* C practically no 
spores are produced 

When heated for 10 minutes in beer-wort the spores are generally 
killed at 60* G, but some withstand an exposure of 5 minutes to a 
temperature of 65* C 

In dd cultures on nutrient media, and in spore cultures where the 
conditions were not of the moat favourable character for the formation 
of sporet, many oelk oi exceedingly irregular shape are found. These 



A Covjugating “ Tead" S|^7 

are apparently produM^;^ the ordinary ovcnd or round cells during 
efforts at spore-fonnin||^ formed at different points of the 

cell» but no oonjugatloss ||peB place , or, if it does occur, no spore 
formalion follows Co|Hj^yrii»ntly colls of groat iriegulanty in shape 
result, and such may Ije coflwei^ as colls which have made attempts 
«it Bpore-furniation, but have failod owing cither to lack of energy or 
substance in themselves, or to unfavourable oxtonial conditions. 

The behaviour of the nueleai contents dunng conjugation and spore- 
foimatiou is suggestive Stained preparations of cells in different 
stages of these processes show that the tips of the beaks are occupied 
by a deeply stained mass, which on conjugation fuses with a similar 
mass m the beak of the other cell which takes part lu the process The 
fused mass then divides into two, one portion w ithdrawmg into each 
compartment of the compound cell , there division again takes place, 
in sucli a way as to provido the liasia of each spore about to be formed 
Previous to the latter division a deeply stained and prominent giamilar 
network becomes arranged around each mass, and this separates into 
groups when the final division occurs, the number of groups corre¬ 
sponding with the numlier of masses 
By this time each mass is rounded oil into a spherical body—the 
young spore—and around each spore a gioup of granules is arranged 
and eventually a wall is formed The spores then npen Lock of 
knowledge as to the exact nature of the yeast nucleus prevents a com¬ 
plete interjirotation of the histological facts obseived, but it seems 
oortain that the deeply stamed masses are nuclear 111 nature, and that 
consequently a kind of nuclear fusion takes place If so the process 
must be looked upon us a simple sexual act, somewhat similar to that 
ocournng in the process of spore-formation of Srlitzthsaccharmyces ocUh 

Alcoholic fermentation is produced in beer-wort by this yeast It 
also ferments lasvuloso vigorously, and dextrose and saccharose slightly 
Maltose, lactose, and dextrin are not formontod A mixture of dextrose 
with maltose and dextnn is feimented more freely than dextrose alone 
liOng-contiAued cultivation in beer-wort seems to have increased its 
fermentative activity for that medium 
In concluuo||||h6re seem to be three possible views regarding the 
nature of the fwSn-procesB, viz* * (1) It is an abnormal or pathological 
{dienomenon due to the conditions of culture, (2) it is a mere oell- 
fusum, such as frequently occurs between contiguous cells m fungi, or 
(3) it 18 a true sexual process, such as is now known to occur in 
many fungi* • 

The first view seems unlikely, since the result of the process is the 
production of normal healthy spores, and the conditions are exactly 
suoh M aie generally effieacioue m the production of spores in yeast of 
all Idnds. 

vou taevux. / 2 B 
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The second view receives a certain amount of suppoi^t from the fact 
that such fusions are known m other yeasts, ^ 7 ., SactitararnyM 
Lxidmqit (Hans), but in these cases growth is active, and there does 
not seem to be any nuclear fusion 

Having regard to the behaviour of the ndcleai contents and the 
8 ul>sequont formation of spores, the third view sooms most likely 
Looking upon tlie process tlien as 11 sexual net of the simplest kind, 
and in view of the fact that, nhile all its other characters accord with 
those of Saccharomyces, it difTers from the Litter m the manner of its 
spore-formation, it is proposed to place it in a now genus, 
Haffhvtmxym^ on the analogy of the genus Schizo-saccharomyces, 
suggested by Boyennek for the tiasion-yoasts 


'* The Mc^asuroiucnt of Magnetic Hysteiesis ” By (t F C Searlr, 
M.A, and T G Bkuforu, M A Couiimimcatod by Professor 
J J Thomsov, F B S. Beoeived May 2,—Bead June 6,1901 

(Abstract) 

g 1 In 1895 one of the authors described**^ a method of measuring 
hysteresis by observation of the throw of a ballistic electro-dynamo- 
meter ITie method in its most elementary form is very simple An 
iron ring of section A and moan circumforonoe I is uniformly wound 
with turns of primary winding, and the primary current C passes 
also round the fixed coils of an elcctro-dynamometei A secondary 
coil of 71 turns wound on the nng is connected in senes with the 
suspended coil of the dynamometer and m earth inductor, the total 
rosistanco of the circuit being 8 

The effects of solf-mduction in the secondary circuit being neglected, 
the secondary current r is 

^ _ Aw f/B 

' ^ IT Tt 

If the couple acting on the susjiencled coil due to the currents 0, c 
lie gCr, then at any instant 

Couple= 

Since H « 47 rNC, when the magnetic force duo to r is neglected 

If the instrument be used ballistically, the angular momentum 
acquired by the coil while C changes from Co to - Cd, la 

• 0. V C Baule, » A Uetbod of U«aiumg dt* Lom of BxMgf w 
* OMobr Phil Boe, Pmo toI Q, Part I, Iltb Hofombor, 180B. 
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Now lot the earth inductor be inverted, and ao produce a change of 
induction P, and lot the primary current at tho tune bo C', then 

Ko,' .= qC\aU « yCT/S 

If ^ 1 , $ 2 . be tho two throws which occur when C changes from to 
- 0(, and from - to Co, and if be tho tlirow due to tho earth 
inductor, then 0/4> -= w/w' and thus foi a complete <ytle, 

Unis tlie sum of the two ihiows «ind is a niotisuio of tho 
uneigy <Ufisip.ited in h^steiohm in a complete cy<lc When the factor 
{.y PN/A7t</j has lioen detci nnnul, meaRurenients of hystoiesis can bo 
mado <is lapidly as meiisnremeuts of induction vith a Imllistic galvuno- 
motor 

§2 In developing a more (ompletc theoiy the authorh employ the 
equations 

E - KC + (N/AB+L'C + M*), 

0 *»= iS/ + (wAB + AIC + 


’With the Hid of the piinciple of the consenation of eiieigy, these 
equations lead to the result 

N I'/'lfl’M-’Af/B 

rin 


w 


N r/4«’»*‘A</B y\/ 

‘gA«Jl“/ rin + ^JV 


+ L)U7rttAN^J + M 
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Hero (T 18 the specific losiHtance of the Rpecimeii, and Q a munencat 
constant depending upon the geometiical form of the section, having 
the value l/Sv or 0 03979 for a circle and 0 03512 for a square 
Tho term U m determined by tho dynamometer throws. The term 
X IS the energy dissipated in eddy eunents in the specimen dtinng the 
two semi-eycles, and Y is roughly the energy spent m heating the 
secondary circuit 

It 18 shown that Y, when appreciable, can be determined by making 
two obsm'vationB for U with two diSeient values for S In the 
authors* experiments Y was nearly always negligible When a 
suitable key is employed to reverse the current, X + Y can be 
determined by making two observations for U with two different 
reastanoes of the primary olrcm^ the E.M.F. being at the same tune 
so altered oa to produce the aame maximum current Oo m each oaae. 
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Tbw method of determiniug X + Y has lately been used suooossfully 
at the Cavendish Laboratory by Mr B. L Wills m the case of 
speounens of largo section In the authors' exponmonts X was 
generally negligible 

As the corrections X and Y depend upon dC/di it is necessary that 
the primary current should change only gradually. By inserting a 
choking coil of great self-induction in the primary circuit, and by 
using a special key to cause the reversal of the current, this end is 
satisfactorily attained 

The authors have made many comparisons between the values of 
W found by their method and those calculated from the tiroas of 
cyclic B-II curves obtained by a ballistic galvanometer, and have 
found satisfactory agreement 

§3 By using a ballistic galvanumoter in addition to the dynamo¬ 
meter, the two authois were able to make simiiltciueous observations of 
the range of the magnetic induction ± Bq and of the energy dissipated 
in each cycle The laiige of the magnetic force ± was also 
observed. 

It was foiuid that the cyclic B~II (urve is not always divided into 
two parts of equal aioa by the line II - 0 The effect is well 
marked in the case of an iron wire freshly annealed, and sometimes 
does not disappear in spite of many reversals 

When the magnetic foice is reversed many times both Bo and W 
dooreosG The effect is most appiireut in soft iron freshly annealed, 
and subjected to a small magnetic force Thus when the limits of H 
were ±2 5, in the first cycle tifter the annealing, Bo = 2220 and W 
« 698 In the forty-first cycle Bo - 1840, W =» 433 

§ 4 When an iron wire is stretched by a variable load, and is put 
through cycles with the limits ± Ho, the first application of the 
tension results in an increase in both B^ and W As the tensiou 
increases, Bo and W reach maxima and then decrease The effect is 
more marked when Ho is small than when it is large Thus with a 
wire of section 0 00708 cm ^ a load of 16 kilos, raised Bq from 1233 to 
6870 and W from 494 to 3820, with Ho =* 4 524. 

A senes of expenments was made upon the effects of torsion 
When Ho is kept constant, as the torsion increases there u a large 
decrease in both Bo and W Thus in the case of a soft iron wire when 
H “ 30, by torsion within the elastic limit B^^ was brought down 
from 2280 to 1070 and W from 907 to 276. Further, both and 
W exhibit hysteresis with respect to the torsion. 

Experiments were also made in which the torsion was gradually 
increased till the wire broke In other experiments the authors 
studied the influence of permanent torsional set upon the eflheta of 
eydes of torsion. They also examined the development of a eyelio 
state, for cycles of torsion, after initial peimanent torsioiud s^ 
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In all these expenmenta, the ounros showing W in terms of the 
stress^ beai a close resemblaiice to those showing Bo in terms of the 
stress To examine this point, oui’ves were plotted showing how W 
vanes with Bo, when is kept constant and is vaned hy varying 
the stress 

For both tension and torsion each cuive for a given value of Ho 
takes the form of a straight line having a hook at one end The 
fltiaight poitions of the sepaiate cniwes for diftoient values of all 
pass, on prolongation, through a single point, genet ally on the lino 
Bo » 0 Thus the stiaight paits are represented by W « rwBo - h 
Plotting m against Ho it is found that ttt * nIlo\ thus the formula 
becomes W aHo^Bo A, wheio tf and h aio constants It is found 
that this formula i ©presents W closely when both Ho and B,j %wy over 
a considerable tcinge in the neighbourhood of the maximum permea¬ 
bility, the iron lacing now free fiom stress 

§5 An electijc (iiiiout flowing along an non wire magnetises it 
circularly, and may be expected to diminish both Bq and W foi the 
given limits ± Ilo Exiienmont sliowed that the expected effect occurs, 
a cun an t of 1 amjjere thiongb an non wute about 1 mm in 
diamotei diminishing \V by 7 pei cent 

g 6 The numerical valnos of the quantitj Q, whnh occurs, ui § 2, 
m the expression for the heat pioduced by the eddy currents m the 
specimen, are talculate<l in Appendix 1 for rods of both circular and 
rectangular sections 

§ 7 In their expenments the authors have used straight iron wires 
about 60 cm in length They discuss tlie effect of the do magnetising 
force due to the induced magnetism of the specimon, and show how 
to apply corrections to the value of W calculated fiom the formula 
l/4flr JHVB', whore H' is the magnetic foice due to the current, 
and B' IS the magnetic induction at the centre of the wire; they 
also give numerical examples of these coirections Appendix II 
oontaiUB an account of oxpoiiinents made to find the de-magnettaing 
force A under two sets of conditions In the first case, ^ was detormmed 
when H « Ho, after many magnetic cycles with the limits ± Ho Using 
a freshly annealed wire, and inci easing Ho from 0 to 124 C G S, A was 
found to nse to a maximum, which occurred nearly when had its 
maximum value, the maximum was followed by a minimum of A, and 
the value of A for the laigest values of Ho was Jesn than that which vmild 
obtain il the induction through the centre of the wire flowed in and 
out only by the ends of the wire. This small value of A implies the 
exutenoe, between the centre and either end of the wire, of a <^pole 
of sign opposite to that of the pole at the end, a circumstance only 
to be accounted f<^ by the effects of hysteresis In the second case 
A was found for several points on the cyclic B-H curve, and curves 
are gnren showing A in relation to both H and B In both curves A 

2 B 2 
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exhibits very marked hysteresis with respect to H and B Over a part 
of the cyclic A-~B curve, the direction of k is to that correspond* 

ing to the direction of the induction at the centre of the wire The 
results obtained show that the method of ** sheanng*’ usually adopted 
to correct B-H curves for the effects of the de-magnotising force must 
be used with great caution 

The paper is illustrated by diagrams of apparatus and by curves 
showing the experimental results 


“Thermal Adjueiineut and llespiratory Exchange in Monotreuies 
and Marsupials—A Study in the Development of Homo-» 
thermism.’’ By C J Martin, M B , D Sc , Acting Professor 
of Physiology in the University of Melbourne Communi¬ 
cated by E H Staklinu, FJiS Received May 14,—Eeml 
June 6,1901 

(Abstract.) 

A number of observations on the relations between the body tem¬ 
perature, and the temperature of the surrounding medium, and on the 
respiratory exchanges in monotremes and marsupials are recorded. 
The results ate compared with those obtained in control experiments 
with cold-blooded animals (lizards) and higher mammals 

Hie mom conclusions arnved at are— 

1 Echidna is the lowest in the scale of warm-blooded animals Its 
attempts at homothermism fail to the extent of 10* when the environ¬ 
ment vanes from 6* to 36“ C Dunng the cold weather, it hibernates 
for four months, and at this time its temperature is only a few tenths 
of a degree above that of its surroundings The production of heat in 
Echidna is proportional to the difference in temperature between 
animal and environment At bgh temperatures, it does not mcreaae 
the number and depth of its respirations It possesses no sweat glands, 
Mid exhibits no evidence of varying loss of heat by vaso-motor adjust¬ 
ment of superficial vessels in response to external temperature. 

2. Ornithorhyncus is a distinct advance upon Echidna Its body 
temperature though low is fairly constant. It possesses abundant 
sweat glands upcm the snout and full, but none elsewhere. The pro¬ 
duction of carbonic acid with varying temperatures of onvironmeiit 
indicates that the animal can modify heat-lM as well as heat-produc* 
tion. Its respiratory efforts do not increase with high temperature. 

3. Marsupials show evidence of utihsingvemtions in loss to an ectant 

greater than Ormthorhyncus, but less than higher Ihdr 

reapiratiQnB shghtly increase in number at high temperatiffes. 
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4 Higher mammals ddpmid pincipally upon variatione in hentdoas, 
in whieh rapid respiration {days an impoartuit part. 

5. Variation in production of heat u the ancestral method of homo- 
thermic adjustment. Dunng the evolution of the warm-blooded 
ammal it has, through developir^ a mechanism by means of which it 
can vary production in accordance with heat lost, overcome one dis¬ 
advantage of cold-blooded animals, viz, that activity la dependent on 
external temjierature It has thereby increased its range in the 
direction of low temperatures Later, by developng a mechanism 
controlling loss of heat, it has increased its range in the direction of 
high temperatures, and also rendeied-body temperature largely mde« 
pendent of activity, these advantages have been gained by a greater 
expenditure of energy. 


" ()ii the Elastic Erjuilibnuin of Oii-culai Cylinders under certain 
l*ractical Systems of Load ” By L N G Filon, M.A, B Sc, 
liesearch Student of King’s College, Cambiidge, Fellow of 
University College, London, 1851 Exlubition Science Re¬ 
search Scholar (louiuiunicated by Professor Ewino, FR.S 
Received May 20,—Read Juno 6,1901. 

(Alistract) 

The paper investigates solutions of the equations of elasticity in 
cases of circular symmetry, and it applies them to discuss the elastic 
equilibrium of the circular cylinder nnder systems of surface loading 
which do not lead to the simple distributions of stress usually assumed 
in practice 

The analytical method employed has been to solve the equations of 
elasticity ui cylindrical co-ordinates, obtaiiiing solutions in the typical 

form X (function of »), r bomg the distance from the axk 

and s the distance measured along the axu 

More general solutions, not neoossanly symmetrical about the axu, 
have been given by Professor L. Pochbammer* and by Mr 0. Ohree.t 
Professor Poohhammer has used his reeulta to deduce appronmate 
solutioBS fOT the bending of beams. Neither Mr Chree nor XWessor 
Poahhaonner has, so far as 1 am aware, worked out hu solotums m 
dirtail for such problems as are discussed in the present paper. 

1 found that soiutioDsin tngonometnoal senes would be sufficient to 
■a^y most conditions in the first of tiie three eaeee dieouesed, and all 

* ' CMHft Jowtel,* vol 8L 
t •<J•mb«^pnlLBeo.Xlwls,*vol.l4 



364 Mr, 3* N a Filoa <h tlie 

conditions m the durd. The second ease required the introduction of 
other tjrpical solutions^ and the analysis was more intncate 
The throe prohloms investigated are as follows — 

In the hrst I consider a cylinder under pull, the pull not beuig 
applied by a umform distribution of tension across the plane onds, but 
by a given distribution of axial shear over two soues or rings, toward** 
the ends of the cylinder 

The second is that of a short cylinder compressed longitmlinally 
between two rough rigid planes, in such a man net that the onds aie 
not allowed to expaiul 

The third case is that of tho toision of a bar in which the stress is 
applied, not by cross radial shoais ovei tho fiat onds, as tho ordinary 
theory of totsioii assumes, but b^ ttansverse sboars over two zones or 
lings of the cimed sui*face 

The first problem corresponds to conditions \ hith frequently occur 
m tensile tests, namely, wbeu the pieco is gripiicd by means of pro- 
jecting collars, the pull being m this case transmitted from the collar 
to the body of tho cylinder by a sj^stem of axial shears 

Analytical solutions ai e found when this system of axial sheHi s is 
arbitrarily given, there being given also an aibitrary system of radial 
pressures* Approximate expressions are deduced when the length of 
the cylinder is largo compared with its diameter These show that 
the strains and ati eases may bo calculated on tho assumption that we 
have, over any cross-section, a uniform tenbion acioss tho section, a 
constant i-adial pressure and an axial shear proportional to the distance 
from the axis, tho last two occurring only over the lengths of the 
cyluider whore such sti esses are applied The effects of local pressure 
and shear are thus, for a long cylinder, restricted to a small region 
and, in the free parts of the bar, we have, to this approximation, the 
state of things assumed by the oidmary theory 
In order, however, to study the effect of such a system of surface 
stresses, when no approximations are involved, I have worked out 
numerically a case wheie there is no radial pressure applied extenially, 
and a uniform axial shear is applied between two zones The foluUon 
gives zero tension across tho plane ends, it is not, however, found 
possible to fulfil completely the condition of no stress, and we have 
over these limiting planes a self-equilibrating system of radial riieors, 
which, howevei, will produce little effect at a distance from the ends 
Hie length of the cylinder is taken to be v/2 times the diameter, this 
ratio bemg found to simplify the anthmetic The two nngs of shear 
extend each over one-sixth of the length and are at equtl distences 
from the mid-eection and the two ends* 

In this and the other numerical examples, Poisson's ratio has been 
taken as one-fourth. This is not correct for most materials, but os the 
object was to find out the difiEbreuces between the results of the 
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find the modified thoonee, rather than to calculate the absolute stresses 
(Old displacements for any given material, the exact value of Poisson’s 
ratio adopted was comparatively unimportant. 

It IS then found that the stress is greatest at the points where the shear 
js discontmuous, t ^, at the ends of the collar in a practical case At 
these points it is theoretically infinite This result is true whatever 
the dimensions of the cylinder For materials like cast iron or bard 
steel, which are brittle, such poiiitR would therefore be those of greatest 
danger , but in such a case us that of wrought iron or mild steel, for 
instance, the stress will Ifc relieved by plastic flow 

The tensile stress vanes considerably over the tross-soction, and the 
distortion of the latter is laigo Towards the middle of the liar, the 
axial displacement at the surface is, roughly, twice what it is at the 
centre 

In tensile exponments the elongation is usually measured by the 
relative displacement of two points on the outer skin of tlie cylinder, 
08 recorded by an extensomoter. When the test-piece is seized m this 
way, the surface stretches more than the intenoi, and consequently a 
negative correction should he applied to the readings of the extenso- 
meter In the sonicwhat extreme ease considered, this correction may 
amount to as much as 30 per cent 

The lateral contraction is very much smaller than the theory of 
uniform tension indicates, being in fact never so great as 60 per cent 
of the .amount calculated on tliat hypothesis For points uisido the 
material the discrepancy is still gi eater These venations appear due 
to the fact that there aie considerable radial and cross-radial tensions 
inside the material, these tensions being often equal to about one-fifth 
of the mean tension Q, which would give the same total pull 

Tables are given in the paper showing the values of the radial and 

ainal displacements ti and w, and of the four stresses ir, fc, ^ 
(in the notation of Todhunter and Pearson’s * History of Elasticity,’ 

st being the stress, imrallel to 5, across a face perpendicular to /) for 
points ill the cylinder at distances from the axis « 0, 2(e, *4fr, *6a, a, 
(I being the radius of the cylinder, and for intervals of length parallel 
to the axis eqmil to tenths of the half-length These tables are 
illtts^ted by curves and diagrams 

Tbe second problem is of considerable importance, as it illustrates 
the orusbing of blocks of cement or stone, when they are compressed 
between iron planes, or lietweon sheets of mill-board, so that their ends 
are constiaiued not to expand 

Hie analytical solution is made up, partly of a finite numlier of 
terms which are algebraic and rational in r and s, and partly of infinite 
series mvolvmg sines and cosines containing s By suitably combining 
these two types of terms zM the oonditioiis can be satisfied. 

The nnmencal example taken was one in which tibe length is nearly 
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equal to the diameter—the exact ratio, ir/S, being chosen so aa to 
simplifj the arithmetic as far as possible 
As in the preceding example, tables of the stresses are given for a 
large iiumbor of points in the cylinder From these the principal 
stresses and the principal stretch were calculated , and again from 
these, by interpolation, curves wore drawn showing the loci of points 
in the cylinder where the greatest stress, the greatest stretch, oi the 
greatest stross-diiforenco had the same value 
The curves show that, whatever theory of yielding is adopted, 
namely, the greatest-stress theory of Ntivier and Ltinn', oi the greatest 
strain-theory of St Venant, or the greatest stress (liflortnce (tir grciitest 
sheai) theory which has more reccntl}' been put forwaid, failure of elas 
ticity will begin to take place round the iienmcter of the piano ends 
Thus, in the case of the stiess, coiisuler the regions where the stress is 
greater than a certain value S Whoa Sis nearly equal to the greatest 
stress these regions aio thm annuli round the ends As S diminishes 
the legions lieconie made up, partly of such annuh ^)f increasing 
thickness), partly of a closed region lonnd the cciitro of the cyhndei 
When S teaches a certain critical value, Sq, these ti^u regions ]oiti on 
to one anothei The regions where the stress is loss than So consist of 
caps at the tivo ends and of cylindrical shells, forming the ‘*flkin” of 
the cylinder 

The regions of least stress consist only of cups or buttons of material 
at the two ends « 

The variations of the pniuiprd stretch and of the pnntipal stress- 
difference can be desciibed in the same general teims 
For materials like stone and (ement, v^hich have no veiy definite 
yield pointy the elastic distribution will give at least an indication of 
the state of stress almost up to the point ot rupture, and if it be 
assumed that the latter takes place ovei the regions of gieatost stress,^ 
or greatest strain, or greatest shear, accot ding to the particular theory 
wo adopt, the lesults above show that the fracture will start from the 
perimeter of the ends, and that caps or buttons, which may have an 
approximately conical shape, will probably bo cut off at the ends 
The fact that yielding first occurs at the perimeter, when the stress 
exceeds 1/1*686 of the limiting stress for uniform pressure, loads to 
the conclusion that the strength of a cylinder under this system of 
stress is considerably less than the strength of a cylinder uniformly 
oompresaed This result apparently contradicts the fact that the 
strength of stone and cement, when tested between lead plates, which 
allow of expansion, is very much less than when tested between mill¬ 
board which does not allow of expansion, a fact which has led Pro¬ 
fessor Perry to state that the true strength of such materials is about 
half their published strength. Applied Mechamoa,' p. 345.) 

1%e contradiction, however, seems to be explained by a remaric of 
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Uiiviu’b (‘Testing of Materials of Construction,’ p. 419), which is 
corroborated by Professor Kwing, to the effect that lead, which is a 
plastic material and flows easily, not Only does not hinder expansion 
of the ends of the block, but it 
It IS shown in the paper that, under such conditions, whenever the 
forced oxpausioii exceeds the natural lateral expansion of the stone 
or cement, which it practically always docs, then the points of failure, 
instead of 1>eing at the pcrnnetei of the ends, are ut the centre, and 
the bmiting stress, under these circumstances, may bo much less than 
that obtained foi non-cvpaiKling ends* Fiuther, this limiting stress 
depends upon the amount of flow of the lead and has no fixed value— 
a conclusion confirmed by the experimental results of Unwin The 
mill-board tost, on the other band, should give consistent results, 
although It really introduces too laigo a factor of safety The change 
in the form of the fractuie, noticed by Unwin, is also accounted for by 
theory 

The values of the apparent Young’s modulus and of the apparent 
Poisson’s latio are nivestigated Voung's modulus is shown to vary 
between its true value, when the cylinder is long, and the value of 
the ratio of stress to axial contraction, when lateral expansion is pre¬ 
vented by a siutttble piessure, this last toi responding to the case when 
the cylinder is mode >eiy short 

In the gnon exiunplo, Poisson’s ratio is apparently 0 269, the actual 
\'alue assumed being 0 25 It should dimmish down to zero as the 
cylinder becomes inrlofinitely short 
The thud problem corresponds to the case of a cylinder whose ends 
are surrounded b> a collar so that the applied torsion couple is 
transmitted to the inner coio by means of transverse shear 
A general solution is first found for a given arbitrary system of 
transverse shear Approximate expiessions ate given when the length 
of the cylinder la largo compared with its diameter. These show 
that, to the first approximation, the cross-sections remain midistorted, 
rodu originally straight remaining so The shear across the section, at 
any point of it, is connected with the total torsion moment at that 
section by the same relation os in the oidinary theory of torsion, A 

tiansverso shear varying as the square of the distance from tho 
axis exists over the lengths of the cylinder subjected to external 
stress. 

As a numerioal example a cylinder is considered, whose length is 
ir/2 times its diameter, and which is subjected, over lengths at the 
ends, each equal to one-fourth ot the whole length, to a uniform 
transverse shear Using the exact expressions found, the Btresses and 
trabsverso duplao«nent are calculated for various points^ and these 
are compared with the vaitm calculated from the approximate expres- 
eiotts whNx the cylinder ts long. 



SS8 Mr. S. D. Steak ^ Mtaammeni oflm^ TOotitu* 

It is found that tho agreement is, ou the whole, tderaMy good, 
whence it is inferred that in torsion, the efiect of IomI action dies out 
more rapdly than in tension or compression. The only case of 
obvioiiB divergence is with regard to the shear This shear persists 
inside, even at sections where no stress of this kind is ap|died to the 
outside of the cylinder, but it continually diminishes as we recede from 
the ends 

In the exact solution, the cross-sections do not renuun nndistorted, 
the transverse displacement mcreasing more rapidly than the radius 
Tho distortion is small at sections whore there is no external apphed 
stress, but is very obvious near the ends 

Further, when tho applied transverse shear vanes disoontiuuoiuly, 
as in this case, the other stress becomes mhnito at the points of du- 
continuity This suggests why it is that abrupt changes m the secuon 
of such a cylinder are dangerous The projecting parts acting upon 
the inner core will introduce a sudden change in tk transverse shear 
It has been noticed that propeller shafts usually break at such pomts 


" The Measurement of Ionic Velocities in Aqueous Solution, and 
tho Existence of Complex Ions” By B D Stkkli;, BSc., 1861 
Exhibition Scholar (Melbourne) Commumoated by Pro* 
foBsor Bambay, FBS Beceived May 10,—Bead June 6, 
1901 

(Abstract) 

The method of measuring lomc velocities described by Masson has 
been extended in such a manner that, by the present method, the use 
of gelatin solution and of coloured indicatws is not necessary. 

An aqueous solution of the salt to be measured is enclosed between 
two partitions of gelatin which contain the mdicator ions in ecdution, 
the apparatus being always so arranged that the heavier solution lies 
underneath the lighter On tho passage of the ourrmit the ions of the 
measured solution move away from the jdly, followed at either end 
^ the indicator ions '} the boundary is quite visiUe in cmissqnsiice (d 
the difference in refractive index at the two solutions The velodty 
of movemmit of the margins is measured by means of a oadtetmaeter, 
and the ratio of the margin velocities gives at ones the ratio of the 
ionic velocities 

It is found that, for the production and maintmanee of a good 
refraotive margin, a certain defimte range oi potmthd faU » leqidrod 
for any given pair of solutkms, and this range d^Bira vwy for 
difflwent booticiaties>-for example, the margia yrttmihw iniulntd 
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following potassium chloride, or K is stable with a potential fall of 

0 82 volt, whilst for the stability of the 8 O 4 margin, a voltage of 
2 54 volts at least is necessary 

The explanation of this is to be looked for, not in the fall of potential 
in the measured solution, to which the aliove ligm es refer, but rather 
to the change of potential fall on passing from the induatoi solution 
to the latter, and is probably connected m some manner Mith the 
Nemst theory of liquid cells 

Certain regulaiities in the influence of diflerent salts on the melting 
points of the jellies have been noted, and it seems that this influence 
IS more or less of an additive nature, depending on the nature of the 
anion and of the cation Amongst anions the SO4 ion has the least, 
and the I and NO 3 ions the greatest, effect m lowenng the moltuig 
point Amongst cations, the K ion has a much loss influciue than the 
Li or Mg 10 ns those relations ai 0 as yet, however, only qualitative 

The values foi the transport number that have been obtained 
show a remarkable agieemoiit with Masson's figures, as measured in 
gelatin, for potassium and sodium chlorides On the othei hand, for 
lithium chloride and magnesium sulphate no such agreement exists 
For all the salts a comparison with Hittorf's figures shows only an 
approximate agreement, being about as good at that shown by a com¬ 
parison of the figures foi the same salt, as measured by different 
investigators, by the indirect method of Hittorf 

From a knowledge of the specific resistance of the measured solution 
It IS possible to calculate the potential fall in this part of the system, 
and from this the absolute average velocity U = xu^ where x « tho 
coefficient of ionisation, and u the absolute ionic velocity A very 
striking agreement holds between the sum of the velocities of anion 
and cation and the sum as calculated from Kohlraiisch’s conductivity 
figures. The velocities of a large number of 10 ns at different concentra¬ 
tions of different salts have been calculated, and the velocity of the 
hydrogen and hydroxyl 10 ns have been also measured, with the following 


results 

Found Oaloulnted. 

OH in KOH, 0 5 N 0-001436 0 00146 

„ NaOH, 0 2 N 0 00168 0 00162 

H».HNO.02N 


Hm ratio of the ourrent, as meuured by the galvanometer, to that 
ealoalated from the vetooty of the maigina in the manner indieated by 
Utaaen, it found to be equal to unity only for a few aalta of the type of 
PcMmSuai ohlonde; for other lalte diu ra^ has a vmhie b eome caeea 
tOL LXntt. 8 C 
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greater, in others less, than 1 The same irregularity has been previoiuly 
pointed out by Masson for the gelatin solutions of the sulphates of 
magnesium and lithium 

The attempt is made to explain this deviation from the requirements 
of theory, and also the difficulty that Kohlrausch is unable to assign to 
dyad elements any value for the specific lomc velocity, which is 
the same when calculated from the measurements of different salts 
of the same metal, by the assumption, first advanced by Hittorf, that, 
111 concentrated solutions of those salts ionisation takes place in such 
a manner that there are formed complex ions in addition to simple 
ones, and the conclusion is drawn that, in all cases where any consider¬ 
able change in transport number occurs with changes in concentration, 
complex ions are present to a greater or less extent 


Ju>u 13, 1901 

Sir WILLIAM HUGGIJSS, KGB, DCL, President, in the Chair 

Mr James Mansergh, Major Bonald Boss, Mr Oldfield Thomas, 
Mr William Watson, and Mr William C Dampicr Whetham weie 
admitted into the Society 

A List of the Presents received was hud on the table, and thanks 
ordered for them 

The Bakonan Lecture, “The Nadu of Temperature, and Allied 
Problems," was delivered by Professor Jambs Dbwab, F RS 


Bakbbiak Lectuuk— ' The Nadir of Temperature, and Allied 
Problems. 1, Physicfll Properties of Liqtud and Solid 

Hydrogen 2. Separation of Free Hydrogen and other Gases 
from Air 3 Electric Resistance Thermometry at the 

Boiling Point of Hydrogen 4 Experiments on the Lique¬ 
faction of Helium at the jHelting Pomt ot Hydrogen 5. l^o- 
eleotrioity, Phosphoresoenco, &c ” By James Dbwab, T.L D , 
D Sc, F R S, Jacksonian Professor in the University of Cam* 
bridge, and Fullerian Professor of Chemistry, Royal Institu¬ 
tion, London, &o Delivered June 13,1901 

(Abstract) 

Details are given in this paper which have led t^i the {(Rowing 
results {— 

The helium thermometer which records 20* 5 ahsolutS'as 
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point of hydrogen, gives as the melting point 16* absolute This 
value does not dilfor greatly from the value proMOusly deduced from 
the use of hydrogen gas thermometers, viz, 16*7 The lowest tern- 
peratiue recorded by gas thcimometry is 14*5, but with more com¬ 
plete isolation and a luwoi pressure of exhaustion, it will be possible 
to reach about 13* absolute, winch is the lowest practicable tempeiar 
turo that can be comiuanded by the use of solid hydrogen Until 
the cxfienmeiits uio repeated with a helium thermometer filled with 
helium, previously piinhed )»y ctmbng to the lowest temperature that 
can be reached by the use of solid hydrogen, the gas being mulor 
compression, no more accuiato values can be deduced 
The latent heat of liquid hydrogen about the boiling point as 
deduced fiom the vapour piessures and helium thoimometcr tempera¬ 
tures, IS aliout 200 units, and the latent heat of solid hydrogen cannot 
exceed 16 units, but may be less 

The Older of the specific heat of liquid hydrogen has boon deter¬ 
mined by obsomng the jicrccntage of liquid that has to be quickly 
evapoiated under e>chaustiuii in order to reduce the tempcratuie to 
the melting point of hydrogen, the vacuum vessel in which the experi¬ 
ment IS made 1>eing unmet sed in liquid an It was found that in the 
case of hydrogen the amount that had to be evaporated was 15 per 
cent. This value, along with the latent bent of evaporation, gives an 
average specihc heat of the liquid between fieezing and boiling point 
of about 6 When liquid nitrogen was similarly treated for comparison, 
the resulting specific lioat of the liquid came out 0 43 or about 6 
per atom Hydrogen therefore appeals to follows the law of Dulong 
and Petit, and has the greatest specific heat of any known substance, 
near its melting point 

The same fine tube used in water, liquid air, and liquid hydrogen 
gave respectively the capillary ascents of 15 5, 2 and 5 5 (hvisions 
The relative surface tension of watei, liquid air, and liquid hydrogen 
are therefore iii the proportion of 15 5, 2, 0 4 In other words, the 
surface tension of hydrogen at its boding point is about one-hfth that 
6 f liquid air under similar conditions It does not exceed one thirty- 
fifth part the surface tension of water at the ordinaiy temperature 
The refraotno index of liquid hyebogen dotormiiied by measuring 
the relative diiToronce of focus for a parallel beam of light sent through 
a spherical vacuum vessel filled in succession with water, liquid oxyget^ 
and liquid hydrogen, gave the value 112 The theoretical value of the 
liquid refractive index is 1 11 at the boiling point of the liquid. This 
result u sufficient to show that hydrogen, like oxygen and nitrogen in 
the bqmd condition, has a refractmty in accordanoe with theory. 

hydrogen, helium, and neon We been separated from air by 
two usethods The one depends on the use of liquid hydrogen to boil 
the dissolved gases out of air kept at a temperature near the mdting 

2 C 2 
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point of nitrogen ^ the other on a simple arrangenieiit for keeping the 
more volatile gases from getting into solution after separation by 
partial exhaustion By the latter mode of working something like 
l/d4000th of the volume of the air liquefied appears as uncoudensed 
gas The lattoi method is only u quahtatn c one foi the recognition 
and sepalation of a part of the hydiogen in <111 In a former paper on 
the “ Liquefaction of An and the Detection of Impurities,”* it was 
shown that 100 c c of liquid air could disaoho 20 c c of hydrogen at 
the same temperature The crude gas scpaiated from air by the 
second method gave on analysis hydiogen 32 5 per cent, nitrogen 
8 per cent, helium, neon, &c, GO poi cent After lomoving the 
hydrogen and nitrogen the noon can be solidifiod by cooling 111 liquid 
hydrogen and the more a olatilo iioi tions separated 

There exists in air a gaseous matcM lal that may bo separated without 
the liquefaction of the an Foi this purpose air has to be sucked 
through a spiral tube idled with glass woo) immersed m liquid air 
After a considerable quantity of air h«is been passed, the spiral la 
exhausted at the low' temperature of the liquid air bath The spiral 
tube 18 now romo\ed and allowed to heat up to the oidinaiy tempera¬ 
ture, and the condensed gas taken out by the pump After purifica¬ 
tion by spectroscopic fractionation, the gas filled into vacuum tubes 
gives the chief lines of xenon The spectroscopic examination of the 
material will lie dealt with in a separate paper by Professor Liveing 
and myself A similar experiment made w ith liquid air kept under 
exhaustion, the air current allowed to circulate being, to prevent lique¬ 
faction, under a pressure less than the saturation pressure of the liquid^ 
resulted in crjrpton being deposited along with the itenou 
A study of fifteen electric resistance thermometers as far as the 
boding point of hydrogen has been made, and the results reduced by 
the Callendar and Dickson methods The following table gives the 
results for seven thermometers, viz, two of platinum, one of gold* 
sdver, copper, and iron, and one of platimim-rhodium alloy It will 
be noted that the lowest boiling point for hydrogen was given by the 
gold thermometer Next to it came one of the platinum thermo¬ 
meters, and then sdver, while copper and the iron dijffer from the gold 
value by 26 and 32 degrees respectively The gold thermometer 
would make the boilmg point 23* 5 instead of the 20* 6 given by the 
gas thermometer Then the reduction of temperature under exhaus* 
tion amounts to only 1* instead of 4* as given by the gas thermometor 
The extraordinary redaction m resistance of some of the metalB at the 
boiling poult of hydrogen is very remarkable Thus copper has only 
l/105th, gold l/30tih, platinum l/35th to 1/I7th, silver l/24th the 
remstanoe at melting ice, whereas iron is only reduced to l/8th part of 
the same initial resistance The real law correlating electric cesiMftnoa 
• ' Chsm Soo Pmo/ X807- 
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and temperature within the linntB we are considenng is unknown, and 
no thermometer of this kind can be rohed on for giving accurate 
temperatures up to and IhsIow the boiling point of hydrogen The 
cm ves are discussed in the paper, an<l I am indebted to Mr J H D. 
Dickson and Mr J E Petavel for help in this part of the work 
Helium separated from the gas of the King’s Well, Bath, and 
punfiied by passing through a U-tube iniinersed in Inpiid hydrogen, 
was filled directly into the ordinary form of Caillotot gas receiver used 
with his appar.ituB, and subjected to a pressure of 80 atmospheres, 
while a portion of the narrow part of the gloss tulie was immersed m 
hquid hydrogen On sudden expansion from this pressure to atmo¬ 
spheric pressure a mist from the pioduction of some solid body was 
clearly visible. After Be\ erul compressions an<l expansions, the end 
of the tube contained a small amount of a solid body that passed 
directly into gas when the liquid h 3 alrogeii was removed and the 
tuliC kept 111 the vapour of hydrogen above the liquid On lowering 
the tempeiaturo of the liquid hydiogen by exhaustion to its melting 
point, which IS about 16" alisolute, and repeating the expansions on 
the gas from w hich the solid had separated by the previous expansions 
at the boibng point, oi 20'* 5, no mist uas wu From this it appears 
the mist was caused by some other matenal than helium, in all 
probability neon, and when the latter is remoied no mist » seen, 
when the gas is expanded from 80 to 100 atmospheres, even although 
the tulie IS surrounded with solid hydrogen From expenments made 
on hydrogen that hud lioeii similarly purified like the helium and used 
in the same apparatus, it appeiirs a mist can be seen in hydrogen (under 
the same conditions of expansion as npplie<l to the helium sample of 
gas) when the initial temperature of the expanding gas was twice the 
cntical temperature, but it was not i^isible when the initial tempera¬ 
ture was about two and o-half times the cntical temperature. This 
expenenco applied to interpret the helium expenments, would make 
the cntical temperature of the gas under 9" absolute 
Olszewski in his experiments expanded helium from aliout seven 
times the cntical temperature under a pressure of 126 atmospheres. 
If the temperature is calculated from the adiabatic expansion, startmg 
at 21“ absolute, an effective expansion of only 20 to 1 would reach 
6**3, and 10 to 1 of 8“ 3. It is now safe to say, helium has been really 
cooled to 9“ or 10“ absolute without any appearance of liquefaction. 
There is one point, however, that must be considered, and tiuit is the 
small refractmty trf helium as compared to hydrogen, which, as Lord 
Bayleigh has shown, is not more than one-fourth the latter gas Now 
as the liquid refractivities are substantially ui the same ratio as the 
gaseous refractivities in the case of hydrogen and oxygen, and tile 
rrftactive index of liquid hydrogen is about M2, then the value fw 
liquid helium should be alimt 1*03, both taken at their rei^eeljiee 
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Isoding points In other words, liquid heliuro at its boiling point 
would have a refractive index of about the same value as liquid 
hydrogen at its critical point, and as a consequence, small drops of 
liquid helium forming in the gas near its cntical point would bo far 
more difficult to see than in the case of hydrogen similarly situated 
The hope of being able to liquefy helium, which would appear to have 
a boiling point of about absolute, or one-fourth that of liquid hydrogen, 
IB dependent on subjecting helium to the same process that succeeds with 
hydrogen , only instead of using liquid air under exhaustion as the 
primary cooling agent, liquid hydrogen undor exhaustion must be em¬ 
ployed, and the resulting liquid collected in vacuum vessels siirioundod 
with liquid hydrogen The following tabic embodies the results of 
expenezKe and theory — 


Initial teinpcraturo 

Initial (Vitiual 

tomporature | temperature 

Boiling point* 

Luj^iud helium ^ 

Solid hjrdrogen 

Liamd „ 

£xlianai«d liquid air 

62® C' 

Low red iieat ! 

1 

n o 

5» 2 ? 

16 , G 

20 S 

76 f 30 

825 lao 

70) 304 

4 

5 (Ho P) 

20 (11) 

86 (Air) 

106 (OO 9 ) 


The first column gives the initial temperature before continuous 
expansion through a regenerator, the second the critical point of the 
gas that can bo liquefied under such conditions, and the third the 
boiling point of the resulting liquid It will be seen that by the use 
of liquid or solid hydrogen us a cooling agent we ought to lie able to 
hquefy a body having a critical point of about 6" to 8" absolute and 
boiling point of about 4” or 5" absolute Then, if liquid hebum could 
bo produced with the probable boiling point of b"" absolute, this sub¬ 
stance would not enable us to reach the zero of temperature, another 
gas must be found that is as much more volatile than hohum as it is 
than hydrogen in order to reach within V of the zero ol temperature 
If the helium group comprises a substance having the atomic weight 2» 
or half that of helium, such a gas would bring us nearer the desired 
goal In the meantime the production of liquid hebum is a difficult 
and expensive enough problem to occupy the scientific world for many 
a day 

A number of miscellaneous observations have been made in thet 
Qourse of this inquiry, among which the following may be mentaonecL 
Thus the great increase of phosphorescence in the case of organu 
bodies cooled to the boiling point of hydrogen under light stimula- 
IS very marked, when compared with the same effects brought 
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about by the use of liquid air A body like eulphide of zinc cooled 
to 2r absolute and exposed to light shows brilliant phosphorescence 
on the teiuporaiuro being allowed to nse Bodies like radium that 
exhibit self-lumiuQSity in the dark, cooled in liquid hydrogen maintain 
their lumuiosity unimpaired Photographic action is still active 
although It IS reduced to about half the intensity it bears at the 
temperature of liquid air Some crystals hen placcKl in liquid hydro¬ 
gen become for a time selMiimmous, on account of the high electric 
etimulation bi ought about by the cooling causing actiuil electric dis¬ 
charges between the crystal molecules This is very marked with 
some platino-cyanides and nitrate of uraniuni Even cooling such 
crystals to the temperature of iKpiul an is sufticient to develop marked 
electrical and luminous effects 

Considering that both liquid hydrogen and an are highly insu¬ 
lating liquids, the fact of electric discharges taking place under such 
conditions piovos that the clectnc potential genetated liy the cooling 
must bo very high When the cooled crysUl is taken out of either 
liquid and allowed to infreaso in temperature, the luimnosity and 
electric discharges take place again during the return to the normal 
temperature A ciystd of lutrato r»f uranium gets so highly charged 
electrically that, .dthough its density is 2 8 and that of liquid air 
about 1, it refuses to sink, slicking to the side of the vacuum vessel 
and requinng a maiked pull on a silk thread, to which it is attached, 
to displace it Such a crystal rapidly lomoves cloudiness from liquid 
air by attracting all the suspended particles on to its surface The 
study of pyro-elootutity at low temperatures will solve some very 
important problems 

During this inquiry I have had the hearty co-operation of Mr. 
Bobert Jjennox, to whom my thanks are due, and Mr J W Heath 
has also given valuable assistance. 


Jum 20,1901. 

Sir WILLIAM HUGGINS, K.C B., D.C L*, President, in the Chair 

Professor William Schlioh and Professor Arthur Smiihells were 
admitted into the Society 

A List of the Presents received was laid on the table, and thanks 
ordered for them. 

"Tlie following Papers were read •— 
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L On the Mathematical Theory of Errors of Judgment, with 
Special Reference to the Personal Equation ” By Professor 
Karl Pearson, P R.S 

IL Mathematical Contributions to the Theory of Evolution 
X —Supplement to a Memoir on Skew Variation ” By 
Professor Karl Peaicson, F R S, 

in "On the Application of MaxwelPs Curves to Threo-aJour 
Work, with Especial liefcrence to the Natuie of the Inks 
to he employed, and to the Determination of the Smtable 
Light-filters ” By Di R S Clay Communicated by 
Sir W Abney, KCB,FRS 

IV “The Natuie and Ongin of the Poison of d^ahiciis ” By 
W 11 Dtjnstan, F RS , and T A Hknuy 

V * On the Stiuctnre and Aifinities of with Notes on 

the Oookigical History of the Diptendinie ” Bj A C 
Seiv Aun, F K S , and Miss E Dai e 

VI "Further Observations on No\a Pemoi No 3” By Siy 
Noraian Lockyfr, K C B , F R S 

VII "Total Eclipse of the Sun, May 28, 1900 Account of the 
Observations made by the Solar Physics Olisenatory 
Eclipse Expedition and the Officers and Men of H M S 
‘ Theseus/ at Santa Pola, Spam ” By Sir Nokman Locki br, 
KCB,rRS 

VIII " The Mechanism of the Electric Arc ** By Mrs H Ayrton 
Communicated by Professor Perry, F R S 

IX "The Yellow Colouring Matters accompanying Chlorophyll 

and their Spectroscopic Relations Part 2” By C A. 
Si^HUNCK Commuiucated by E. Scuunck, F R S 

X “ Magnetic Ol>8er\atioiis in Egypt, 1883-1901 ” By Captain 

H G Lyons Communicated by Professor Rucker, F R S 

XL “ A Detenmnation of the Value of the Earth’s Magnetic Field 
in International Units, and a Comparison of the Results 
with the Value given by the Kow Olworvatory Standard 
Instruments ” By W. Watson, F R S 

XII. "Virulenoo of Desiccated Tubercular Sputum” By H. 
SwiTHiNBAKK Communicated by Sir H Crichton 
Browne, F R.S. 

XllL "The Effect of the Temperature of Liquid Air upon the 
Vitality and Virulence of the BactUue tuherculom'* By 
H. SwtxaiNBANK Cmnmumcated by Sir H CuiCHTO^f 
Browns, F.R.S, 
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Xrv •« The Fermentatioit of Urea a Contribution to the Study of 
the Chemistry of the Metabolism in Bacteria ” By Dr* 
\V, E Aokney Communicated by Professor W N. 
Hariley, F K S 

XV “ On the Seiiaonal Variation of Atmospheric Temperature in 
the British Isles and its Relation to WinrMirection, with a 
Note on the Effect of Sea Temperature on the Seasonal 
Vanatiou of Aiv Tompeiature” By W N Shaw, FRS, 
and R Wale^ Cojien 

XVI “ On the Continuity of Effect of Light and Electric Radiation 

on Mfittci ” By Professor J C Bose Comniunicated by 
Loud Kavllujii, F RS 

XVII *^On the Similantios bctMCon Radiation and Mechanical 

Strains ” By Pi ofcssor J C Bose Communicated by 
Loud Rayi ek^h, F li S 

XVIII “ On the Strain Theory of Photographic Action By J C. 
Bose Communicated by Loud liAYEKiOH, F R S 

XIX “ The Anomalous Dispersion of Sodium Vapour ” By Pro¬ 
fessor R W \\()OD Communicated by Professor C V. 
Boys,FRS 

XX “ The Pharmacology of Psoudaconitme and Japaconitine con¬ 
sidered in liolatiou to that of Aconitine ” By Professor 
J T Cash, F RS , and Professor W R Duxsian, F E.S. 

XXL ** The Pharmacology of Pyraconitino and Methylbonzaconme 
considered in Relation to that of Aconitine ” By lYofessor 
J T Cash, FRS, and Pi ofcssor W R Duestan, F.E.S. 

XXIL “On the Separation of the Least Volatile Oases of Atmo¬ 
spheric Air, and their Spectra” By Professor LlVElKO, 
FRS, and Professor Dewak, F R S 

XXIII “The Stability of a Spheiical Nebula” By J 11 JSAKS* 

Communicated by Piofessor O H Darwin, FRS 

XXIV “ On the Behaviour of Oxy-hiemoglobin, Carbonic Oxide Hnmo* 

glohxn, Methasmoglobm, aiid certain of then Denvatives, 
in the Magnetic Field, with a Preluninary Note on the 
Electrolysis of the Haemoglobin Compounds ” By Professor 
Gamoes, r.B.S 

XXV. “ On the Besistanoe and Electromotive Forces of the Eleotrio 
Arc” By W, Duddell. Comnumicated by Freritessor 
Aykion, FJB.S, 
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XXVL “ On the Belntion between the Electrical Besietances of Pure 
Metals and their Molecular Constants ” By W Williams. 
Communicatod ]>y Professor Anpufvt Gray, F R B 

The Society adjourned uier the Long Vacation to Thursday^ 
Novemlier 21, 1901 


‘ On the Mathematical Theoiy of Errore of Judgment, with 
Special Refereinc to the Personal Expiation” By Karl 
Plarson, F 11 S, riii\orsity I’ollege, Loudon Received April 
23,—Head dune 20,1001 

(Abstract) 

In 1896 I, with I)r Alice Lee and Mi G A Yule, m.ulo a senes 
of experiments on the bisection of linos at sight The object of these 
expenmonts was to te^^t a development of the current theory of errors 
of observation, by which it seemed possible to mo to ilotermmo the 
lAsolute ateadinoHS of judgment of any individual by comparing the 
relative observatioiiB of three (uisteail of as usual two) obaenora As 
u rule the absolute on or of the obaervor la unkuoxMi and unknowable, 
and I woe seeking foi *1 <|uartt]tative teat of steadiness in judgment to 
}ye based on lelatne judgments If o-o, be tlic atandard deviation 
of the al>8olut<5 judgments of the first obserAor, 0 * 2 ^, crji the 
standard deviations ot the relatuo judgments of the first and second, 
the second and thud, and the third and first observers respectively, 
then 

} (^2i^ + cr,s- - o-jjj*) (l) 

on the basis of the cun out theory of errors Thus it seemed possible 
to detcimiuo absolute steadmesa of judgment from the staridatd devia¬ 
tions of judgments, which are all that the physicist or astro¬ 

nomer can usually make, provided three oliservers and not two wore 
compared 

To my great surprise I found results such as (i) were not even 
approximately true, and that they failed to hold because the judg¬ 
ments of the observers were s^baiunttally cai related It did not occur 
to me at first that judgments made as to the midpoints of lines bv 
experimenters, in the same room it is true, but not necessarily bisect¬ 
ing the same line at the same instant, could bo {psychologically corre¬ 
lated, and I looked about for a sourco of correlation m the treatment 
of the data. Wo had taken 500 hues of different lengths and bisected 
&etn at sight, assuming that the error would be more or less propor- 
tionoi to the length of the line, I had adopted the deviation from the 
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true midpoint to the right in terms of the length of the line as the 
error* I was then led to realise the importance of what I have termed 
“ spurious correlation ” in this use of indices or ratios, and I published 
a short notice of the subject in the * Roy Soc Proc vol 60, p 489, 
1896* 

It seemed necessary accordingly to make our judgments in a different 
manneti and a second sei les of 520 expci imerits was made by T)r Alice 
Lee, Dr W F Macdonell, and myself, in which we obsened the motion 
of a narrow beam of light doiin a uniform strip of fixed length, and 
recorded its position at the instant, a pi ton unknown to us, at vihich a 
hammer struck a small bell The experiment was made by means 
of a pendulum devised by Mi Horace Darwin, and the record 
required a combination of ear, eye, and hand judgment In the 
matupulation of the data theie wiis no loom for the appearance of 
** spurious con elation,” but to my great surprise 1 again found siiIh 
stantiul correlation in two out of the three cases of what one imght 
reasonably suppose to 1)o absolutely imlepcndeut judgments 

This led to a thorough rcinv estigation of the bisoction experiments, 
absolute 2 ind not ratio ei rors being now dealt with We found the 
same result, t e , correlation of apparently independent judgments 
The absolute personal equations based on the average of twenty-five to 
thirty experimental sots were then plotted, and found to fluctuate in 
sympathy, and these fluctuations wore themselves far beyond the onler 
of the probable enors of random sampling Nor were the fluctuations 
explicable solely by likeness of einironmont For in the bnght line 
experiments while the judgments of A and B wore sensibly unoorrelated, 
those of C were substantially correlated with those of both A and B 
Thus wo were forced to the conclusion that judgment depends in the 
mam upon some few rathei than upon many personal charactenstios, and 
that while A and B had practically no common charactenstics, there 
were some common to A and G and others common to B and C Wo 
ore dnven to infer— 

(i) That the fluctuations in personal equation are not of the order 
of the probable deviations due to random sampbng 

(u*) That these fluctuations m the case of different observers, record¬ 
ing absolutely independently, are sympathetic, being due to the influ¬ 
ence of the immediate atmosphere of the observation or experiment on 
personal charactenstics, piobably few m number, one or more of which 
may be common to each pair of observers. 

In this way we grasp how the judgments of “ independent ” observers 
may be found to be substantially correlated In the memoir attention 
is drawn to the great importance of this, not only for the we^^hting of 
combined observations, but also for the problem of the strese to be 
laid on the testimony ot apparently independent witnesses to the same 
phenomenon. 
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The current theory of the personal equation thus appears to need 
modification, and wo require for the true oonsidezation of relative 
judgments not only a knowledge of the variability of observers, but 
also of their correlation in judgment as necessary supplements to the 
simple personal equation 

Having obtained from our data twelve senes of errois of oliservation 
considerably longer than those often or even exceptionally dealt with 
by obsei vers, we had a good opportunit}^ for testing the applicability of 
the current theory of errors, in particular the fitness of the Gaussian 
cur\ e 

to describe the fiequetic> of eirors of observation In a considerable 
proportion of the oases this curve was found to be quite inapplicable 
Errors m excess and <lefeot of equal magiutudo wore not equally 
frequent, skewness of distnbutum, sensible doMution of the mode from 
the mean, crowding zound the mean,” ei on in the case of passable 
symmetry, all existed to such an extent as to make the odds against 
the error distributions being landom samples from matciiul following 
the Gaussian law of disttilmtioii enormous It is clear that deviation 
of the mode from the mean, and the independence of at least the first 
four error moments, must be imtnien of any theory which endeavours 
to desenbe the fioquoncy of errors of obsoivation or of judgment 
within the limits allow^ablo by the theory of riuiclom sampling The 
results reached will serve to still finther emphasise the conclusions I 
have before expressed 

{a ) That the current theory of errors has been based too exclusively 
on mathematical axioms, and not tested sufficiently at each stage by 
comparison with actual observations or experiments 

{b ) That the authority of great names—Gauss, Laplace, Poisson— 
has given it an almost sacrosanct chaiacter, so that we find it in current 
use by physicists, astronomers, and writers on the kinetic theoiy of 
gases, often without a question os to its fitness to represent all sorts of 
observations (and even lusensiblo phenomena 1) with a high degree of 
acouracy 

(c ) That the fundamental requisites of an extended theory are that 
it must— 

(i) Start from the three basal axioms of the Gaussian theory and 
enlarge and widen them 

(ii) Provide a systematic method of fitting theoretieal frequencies 
to obMrvod distribations with (a) as few constants os possible, (jS) these 
constants easily determinable and closely related to the physical charac 
ters of the distribution, and 

^iu.) When improbable isolated observations are rejeeted, give theo- 
ntkal fraquen(no8 not dififoring from the observed frequencies by more 
Hjhm the fwobabLs deviations due to random aampling« 
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I propose to consider these points in reference to the skew frequency 
distributions discussed in a memoir in the * Phil Trans' for 18v5 (A, 
vol 186, ^ fteq) m another place The present memoir, however, 
shows that those skew distributions give results immensely more pro* 
bable than the Gaussian curve, and thus confirms in the case of errors 
•of observation the results already loachcd in the case of organic 
variation 


Mathematical Contributions to the Tlieoiy of Evolution.—X 
Supplement to a Memoir on Skew Vanation” liy Kaui 
Pearson, F 11 »S , ITinversity College, Ivondon Received May 
22,—Read June 20,1001 

(Alistract) 

In the second mommr of this senes a systom of curves suitable for 
deecnbmg skew distributions of frequency was deduced fiom the solu* 
tiouB of the differential equation 

y iljc (iQ + aiZ+ii^^ * * W 

These solutions were found to cover satisfactonly a very wide range 
•of frequency distnbutions of all degrees of skewness Two forms of 
solution of this differential eqiuition, depending upon certain relations 
among its constants, had, however, escaped observation, for the simple 
reason that all the distributions of actual frequency I had at that time 
met with fell into one or other of the four typos dealt with m that 
memoir A little later the investigation of frequency in various cases 
•of botanical variation showed that none of the four types were suitr 
able, and led me to the discovery that I had not found all the possible 
solutions of the differential equation above given Two new types 
were found to exist— 

Type V y ^ yf/cPe-yl* . (n). 

With a range from » 0 to » oo, and 
Type VI y" . . . (ifa), 

mth a rango from / ><• a to s* « oo 
Tbeu curves were found to be exnctijr thoae retjtured m the raiittfl 
-which my co-workera and 1 in England, and one or taro in 

Amenoa, had discovered led in the earlier Typea I Mid IV to n»» ro«ftM e 
reaulta, t.e , to imaginary values of the constants. 

la the present memoir the six types are arranged in their natural 
ordm, and a criterion given for diatinguiahihg between t lMw* TlM|y 
are iUurtrated by three examples: (a) ege of bnda on matrix for « 
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given age of htisband, {h) frequency of incidence of scarlet fever at 
different agea^ and (c) frequency of lips " in the Meduaa P pmiiatii 
It is pci haps of some philosophical interest to note that aolutionB of 
(i) that had escaped the analytical investigation were first obtained 
from actual statistics which could not be fitted to any of the curves of 
my first memoir without imaginary values of the constants So groat 
i^as my confidence in (i), howevei, that before I discarded it I re 
investigated iny analysis of it, and was so led to these two additional 
solutions 


On the Structure and Affinities of Dtptens, with Notes on the 
Geological History of the Dipteiidinas” Hy A C SEWAun, 
PRS, University Lecturer lu Lotany, Cambridge, aud 
Elimbeth Uale, rfeiffei Student, Girton College, Cambridge 
Beceived May 21,—Itoad June 20,1901 

(Abstract) 

The generic name Viptem instituted by Remwardtin 1^28 is applied 
to four recent species —Ihpteru co7ij%igtita (Item ), I> JFdlbrJm (Hook 
and Grov ), 1) t^buim (Hook), and IJ tjvuuiuefiutafa (Baker) Ihp 
tens JValluJm occurs in the suli-tropical region of Northern India, the 
other species are met with in the Malay Peninsula, Java, New Guinea, 
Borneo, and elsewhere It has lieen customary to include Ihptnts in 
the PolypodiacoB?, and to describe the sporangia as having an incom> 
plete vortical annulus The authors regui d Ihpiei-u as a generic type 
which should be sepirated from the PolypodiacoiB and placed in a 
family of its own—the Diptendmsu, on the grounds that (1) the 
sporangia of Ihptnu have a more or loss oblique annulus, (3) the 
fronds possess well marked and distinctive charactcnstics, (3) the 
vascular tissue of the stem is tubular (siphonosteho), and not of the 
usual Polypodiaccous type 

For the matonal from Borneo and the Malay Peninsula, on which 
the anatomical investigation of IhpUm cotijugaia is bused, the authors 
are indebted to Mr B. Shelford, of Sarawak, and to Mr Yapp, of 
Caras College, Cambridge The fronds of the four species of 
consist of a long and slender petiole and a large lamina, in some cases 
30 cm in length, in P. cmjugata and D IFalltchtt the lamina is 
divided by a deep median sinus into two symmotnoal halves, but m 
P Lablnom and P quiiigmfumita the symmetrical bisection of the 
lamina is less obvious, the whole leaf being deeply dissected into narrow 
linear segments. Tl^ son, which are without an indusium, consist 
of munerous sporangia and filamentous pra^aphysetf, terminating in 
l^dulor cells. The sporangia are characteru^ by the more or less 
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oblique annulus, and by the small output of bilateral spores The 
sporangia of the same sorus are not developed simultaneously 

Amitomy - -The horizontal creeping rhizome, which is thickly covered 
with stiff ramental scales, contains a tubular stele limited both in- 
ientally and extornally by a definite oridodermis The xylem is 
mesaroh in structure, the protoxylem groups of spiml trachoids occur 
m association with a few parenchymatous cells at regular intervals in 
a median position At the point of origin of each leaf the tubular 
stele opens, and becomes U-shaped m section, the detached portion 
passes into the petiole as a horseshoe-shaped menstele of endarch 
stmeture The mens tele alters its form a short distance below the 
origin of the lamina, and becomes constricted into two slightly unequal 
portions, from the lower end of one of these a small vascular strand 
is gradually detached, and at a higher level a similai strand passes off 
from the other half of the stole During their passage into the mam 
nbs of the lamina the vascular strands, which are at first simply curved, 
become annular, and assume the* form characteristic of MarsUta The 
slender and branched roots ai e traversed by a triarch stele 

Geological Hv^iofry —The genus Ihptem represents a type which had 
descended from the Mesozoic pciiod with but little modificatioit The 
genera Ihctyopliyllim and PtoUohipu are regarded as members of the 
Diptondime, which were widely distributed in Europe during the 
Bhsotic and Jurassic periods Records of those fossil forms have been 
obtained from England, Gemany, France, Belgium, Austna, Switzer¬ 
land, Bornholm, Greenland, and Poland, also from North Amcnca, 
Persia, and the Far East The genus Matonui^ especially M pecimUa 
(R Bt ), possesses c^srtain features in common with Ihpiens^ and this 
rosemblanco extends to the fossil types of the Matonineae and Dipten- 
diiiHs Mtiimmi perhmto and JJtpiens cmjugata^ growing side by side 
on the slopes of Mount Ophir in the Malay Peninsula, survive os 
remnants from a bygone age when elosoly allied ferns played a 
{irominent part in the vegetation of northern regions* 


*‘Tho Nature and Ongm of the Poison of Lotus ambunis - By 
Wyndbam R. Dunstax, M a, FRS., Director of the Scien¬ 
tific and Technical Department of the Impenal Institute, and 
T. A Henry, B Sc , Saltoia’ Company's Research Fellow m 
the Laboratories of the Imperial Institute. Received May 30, 
—Read June 20,1901 

(Absriraet.) 

The authors have already given a prehuunary aeeount* of tUs 
investigation and have shown that the po&ouous prop e r ty of 
* ' floe. Piee ,* vd. 87, p 8M, 1800. 
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Egyptum vetch is due to the prussic aoid which is formed when the 
plant IS crushed with water, owing to the hydrolytic action of an 
enzyme, lotaee^ on a glucoaule, htasm^ which is broken up into hydro¬ 
cyanic acid, dextrose, and lotofiavin, a yellow colouring matter 
The authors have continued the investigation with the object of 
ascertaining the properties and chemical constitution of lotofiavin and 
of lotus] n, and also of studying the properties of lotaso in relation to 
those of other hydrolytic enzymea 


LoiuBin 

Lotusin can be separated from an alcoholic extract of the plant 
by a tedious process giving a \ery small yield, about 0 025 per cent 

Lotusm IS a yellow crystalline glucoside, more soluble in alcohol 
than 111 watei When heated it gradually decomposes without 
exhibiting any fixed melting point Combustions of specially puufied 
material gave numbers agreeing with those deduced from the formula 
C>sHsiNOi6 

In the preliminary notice the formula CjjHmNOio proMsionally 
assigned to lotusm on the assumption that one molecule of dextrose is 
formed by its hydrolysis The formula given above, as the result of 
ultimate analysis, is confirmed by the obsei ration that two molecules 
of dextrose are produced by acid hydiolysis, which is therefore repre¬ 
sented by the equation— 

Ci8H8iNOi« + 2Hp « 2 C*jHiA + HCN + Ci.HioOo 
Lotusm Dextrose Pruseiu Lotoflavm 

acid 

When a solution of lotusin is warmed with dilute hydrochloric acid, 
hydrolysis readily occurs The liquid acquires a strong odour of 
hydrocyanic acid and a yellow yystallme precipitate of lotofiavin w 
thrown down, whilst the solution strongly reduces Fehhng's solution 
Dilute sulphuric acid only very slowly effects the hydrolysis of 
lotusin 

When warmed with aqueous alkalis, lotusin is gradually decomposed, 
ammonia being evolved and an acid formed to which the name lotusmic 
<tcuf has been given 

' OjssHsiOio-I-2H3O * CssHaPig+Nfisi 

Lotusimc acid is a monobasic acid furnishing yellow orystallme 
salts It 18 readily hydrolysed by dilute acids forming lotofiavin, 
dextrose and heptoglacomc acid (dextrose-carboxylio amd). 

C3sHuOis+2HP ■■ CiaH^oOs+CoHiaOs+CrHuOg* 

Lotiuinio Lotoflariu Psstroi*. Usptoglttoomc 

acid* MHd. 

rot. ZJtVUL 2 D 
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With the exception of amygdalin, lotiuin is the only glucoside 
definitely known which furmshefs prnssic acid as a decomposition 
product 

Loiojlamn 

Lotofiavin is a yellow crystalline colouring matter readily dissolved 
by alcohol or by hot glacial acetic iicid, and also by aqueous alkalis 
forming bright yellow solutions It is always present to some exUmt 
in the plants, especially in old plantM Ultimate analysis loads to the 
formula CifiHioOo It is therefore isomenc with luteohn, the yellow 
colouring matter of l^neda hfteoJa^ and with the yellow colouring 

from young fustic, lihu^ cuhnn^ Urn in, from Varu^hnctorttif appears to 
be hydroxylotoflavin 

LotoflaMn docs not form compounds with mineral acids It 
furnishes a totracot^l derivative and two isomenc mutually con* 
vertible tnmctb>l ethers iihich are capable of forming one and the 
same acotyl-tnmethyl lotoflai in By the action of fused potash loto* 
flavin IB converted into phloroglucm anti ^-resoicyhc acid 


Dextrose^ 

The sugar resulting from hydrolysis has been found to correspond 
111 all properties with ordinary dextrose 

Hydrocyanic m%d 

The amount of prussic aud given by plants at different stages of 
growth has been ascertained Mature plants bearing seed-pods have 
fumishod 0 345 per cent of this acid, calculated on the air-dried 
material which corresponds with 5 23 jicr cent of lotusia. Younger 
plants beanng flower buds gave 0 25 *por cent, whilst still smaller 
quantities were furnished by very young plants and hardly any by quite 
old plants from which the seeds had fallen 

The formation of the poison, therefore, seems to reach its maximum 
at about the seeding period, and after this period to dimmish rapidly. 
The Arabs are aware that the plant is safe to use as a fodder when the 
seeds are quite npe, but not before. We have found that it is the 
lotusm which disappears during the ripening of the seeds Old plants 
Gontam some lotase and lotofiavin, but little or no lotusm. 

Lota^fe^ 

In Its general properties lotase resembles other hydrolytic enzymes, 
from ^hich, however, it differs m several important respects. It may 
be compared with emulsin, the enzyme of bitter almonds. Einubit 4 
however, only attacks lotusm very slowly, whilst lotase has but a ieebfat 
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action on amygdaluii the gluooside of bitter almonds Lotase is much 
more mdily lujurerl and deprived of its hydrolytic power than 
emulsin On this account it is difficult to isolate in the solid state 
Its power IS not only rapidly aliohshed by heat, but is also gradually 
destroyed by contact with alcohol or glycerine Besides lotase, the 
plant contains an amylolytic and a proteolytic enzyme 


Camtitution of Lotoflann avd Lotusin 

Having regard to its leaetions and especially to the production, 
by the action of fused alkali, of ^-resorcyhc acid and phloroglucin, 
the authors conclude that lotodavin should bo represented by the 
formula 


o on 



\/\/ 
OH CO 


which IS that of a compoimd belonging to the same class, of phonylatod 
pbeno-y-pyrones, Jis its isomerules luteohn and hsotin The peculiarity 
shown by lotoflavin of containing four hydroxyl groups, but furnishing 
only a frtmothyl ether, is accounted for by one of the hydroxyl groups 
being m the oilho position to a carbonyl group 
The reactions of lotusin are host represented by the foimula 


O OH 

Y-x 





which IS that of a lotoflavin other of maltose-eyanhydnn 
This formnla satisfactonl, accounts for the partial hydrolysis of the 
glucoside by alkalis giving lotusuiic acid and ammonia, and fw the 
decomposition of the substance by acids giving lotoflavin and maltoee* 
oarboi^ho acid which is immediately decompoeed into dextrose and 
heptogluoouic acid It also accounts for hydrolyau of lotusin, 
by acids, into lotoflavin and maltose, which is further changed to 
dextrose. 

In order to definitely localise the position of the cyanogen group m 
lotusin, the behaviour of several cyanhydnns <A known eonsCitutioa 
have bran examined with reference to tiie question as to whether 
they would turmsh hydrocyanic acid when act^ on dilute hydro* 
chloric acid. It was found that tnandelic mtrile, bevslose cyanhydnn 
and peatBcetyl gluconitrile, in whith the cyanogen grotq» is known te 
occupy a position similar to that assumed for it in ^0 formula eug- 

2 D 2 
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gested for lofcuBm, are, like lotusm, easily decomposed by dilute 
hydrocbloric acid, forming prussic acid and ^e corresponding aldehyde 
or ketone 

The authors i/vish again to express their oliligations to Mr Ernest 
A Floyer, of Cairo, Member of the Egyptian Institute, who has spared 
neither trouble nor expense in collecting in Egypt, and despatching to 
this country, the matenal required for this investigation 


The Pharmacology of Pseudaconitino and Japaconitine considered 
in relation to that of AcouitmeJ By J Tkkodoue Cash,M.1)., 
F RS, Regius Piofossor of Materia Medua in the Univeisitj 
of Aberdeen, and Wyndham R Dunstak, MA, FRS, 
Director oi the Scientific Department of tlie Imperial Insti¬ 
tute. Received June 11 —Read June 20, 1901 

(Abstract) 

In a previous paper on the Pharmacology of Aconitine and some 
of its principal denvativos,* wo have given an account of the physio¬ 
logical action of this, the highly toxic alkaloid of Monkshood {Aeonttum 
NapeUui), and of its principal denvatives, and we have also discussed 
the ascertamod physiological effects of these substances in relation to 
their chemical constitution The results of this investigation have 
proved to be of much practical importance in connection with the 
pharmaceutical and medical employment of aconite^, specially in 
demonstrating the partial antagonism to aconitine of benzacomne, and 
in a greater degree of aconme, both of which denvatives accompany 
the parent alkaloid in the plant and in the pharmaceutical preparations 
made from it, which have been hitherto used medicinally Although it 
seems likely that these separate alkaloids, and especially aoonine, may 
be useful as therapeutic agents, it» now clear that for the puipose for 
which aconite is employed, the pure alkaloid, acomtme, should be used 
10 the place of the inde^te mixture of physiologicdly antagonistic 
alksloids contained in pharmaceutical preparations made from the 
idant. 

In a aenes of papers oommumcated to the Ofaemical Society, and 
published in the * Journal of the Chemical Society ^ (1891-99), one of 
us, in oonjunctum with his pupils, has descnbed the chsadoal properties 
the toxic alkaloid contained in two other species of alkaloid, vis., 
Acondm/erox or Indian or Kepaul Aconite, and AconOum jAsdWri or 
Japanese Aconite. The medicinal employment of these potent drugs 

• *Phll. Trmia** 3, im, rd 190, p. SS9. 
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has been very restncted in the absence of any definite knowledge as 
to the nature of their constituents and the physiological action to 
which they give rue. 

Aeon^mi ferox has long been known to botanists and travellers in 
India as a poisonous plant of great virulence It is used in Indian 
medical practice under the vernacular name of ^‘Bikh ” There appear 
however to be several varieties of aconite passing under this vernacular 
name. This is a subject which wo arc at present investigating with 
the assistance of the Government of India. 

In 1878 Alder Wright isolated a crystalline, highly toxic alkaloid, 
from the root of the plant, and named it psoudaconitine In 1897* 
one* of us gave an account of a complete invostigatioa of the chemistry 
of this alkaloid, the results of which have led to a modification in 
certain important respects of the conclusions arrived at hy Wright and 
his co-workers Our results have been confirmed by Freund and 
Ntoderhofheim t 

For details of the chemistry of pseudaconitine and its denvatzves, 
reference must be made to the paper already referred to { We may 
here briefly record the chief properties of the alkaloid 

Pseudaconitine is a crystalline alkaloid whose composition differs 
from that of aconitine, being expressed by the formula CssHioKOis. 
The crystals melt at 202% and are spanngly soluble in water, but 
readily in alcohol The salts are usually crystalline and soluble in 
water Their solution and those of the base produce, in excessivdy 
minute quantities, a persistent tingling of the tongue, hps, and other 
surfaces with which they are placed in contact, in this respect re¬ 
sembling aconitine and its salts, which produce the same effect. 

When heated m the dry state at its melting point pseudaconitine 
evolves a molecular proportion of acetic acid, leaving another alkaloid, 
pyropseudaconitine Tbxe alkaloid, like ^e corresponding pyro- 
derivativa of aconitine, does not give rise to the characterurtae 
effects of tile parent base.« 

When a sidt of pseudaconitine is heated in a closed tube with water, 
as in the cose of aconitine, partial hydrolysu occurs with the loss of a 
mdeeule of acetao amd, an alkaloid, veratryl-pseudaoonme, being left. 
This alkaloid, like the corresponding bensaconme, derived similar 
means from aoonitmo, produces neither tiie tingling sensatum not the 
tme ^flSsets of the parent base. 

The oomidete hydrolysis of pseudaconitine, which is reached when 
the above-mentioned veratryl-pseudaconme is heated witii alkalis, 
produces, instead of the bensoio acid furnished by aconitine, veratrio or 
dimethylprotocatechuic acid, together with a baBe, pseudaconiae, not 

e *Pioe. Chsm. SoaV 3.895, p 154 $ * Txmuif (fiiem. Bee,^' 1897, p. 850. 
t ^Bsr.,^rol.89,p|k.6,858. 
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BUBOepUble of further hydrolysis Whilst there is thus a strong 
general resemblanoe in chemical constitution between psoudaconitine 
and aconitine, the benzoic radical of aconitine is replaced in pseud- 
aconitine by the veratnc radical of veratno acid, whilst there aie 
prohably also constitutional differences in the central nucleus 

The composition and properties of the toxic alkaloid present in 
Japanese aconite, Kuza-uzu/’ regarded by botanists as AconUum 
japontrum or A Fmhen^ has been the subject of some dispute among 
chemists who have exannnod it Wright regarded it as chemically 
different from aconitmo, both m composition and in structure, bemg 
an anhydro- or apo-derivative formed by the loss of water and conju¬ 
gation of 2 molecules of an unknown alkaloid of the aconitine type 
He assigned to it the formula C|)6H8 aN202i Lubbe afterwards studied 
the properties of japaconitme, and pronounced it to be identical with 
aconitmo, and, mure recently, Freund and Beck have reached the same 
conclusion Later, one of us, in conjunction with H M Bead,* sub¬ 
jected japacomtine to a very detaded investigation, ui the course of 
which its properties and those of its principal derivatives were defined 
and compared closely with those of aconitine. Wo believe that these 
results leave little room for doubting that japacomtine is a distinct 
alkaloid different from acomtine, although Wnght was mistaken in 
the view he took of its oomposiUou and constitution Superficially 
japacomtine bears a very strong resemblance to aconitine, it is, how¬ 
ever, richer m carbon, and the phjrucal properties of its denvatives do 
not agree with those of aconitine To this alkaloid we have pro¬ 
visionally assigned the formula Cs 4 H 4 (,NOi], and have retained for it 
the name of japacomtine suggested by Wnght 

In general, the decomposition of japaconitme resembles that of 
acomtine, but the physical properties of the resultmg denvatives are 
not the same. By the action of heat it furnishes acetic aoid and jap- 
pyraoomtme, on partial hydrolysis, japbenzacoume is obtained beudes 
acetic acid, whilst on complete hydrolysis, the products are acetic 
acid, benzoic acid, and japaoomne Whilst therefore the constitution 
c(the central nucleus appears to be different, both aconitine and jap- 
aoomtine coutam the acetyl and benzoyl groups, whilst m pseudacom- 
tme the acetyl and veratryl groups are present 

In the present paper the physiological action of specially purified 
pseudaconitine and japaconitme is recorded and compared with aooni- 
tme. 

The differences found ate nearly always differences of decree and 
not differences of land, a result which bears out the close constitu¬ 
tional relationship which is to be inferred from their chemical re¬ 
actions. Although there are probably constitutionai differences in the 
central nuclei of the three all^oids, the same consftittttimial type is to 

* * Jouru Chsm. Soc1690. 
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be seen in eadi, and the eubatitution ot a veratryl group (in peeud- 
aconitine) for an acetyl group (m aconitine) counts for little in 
influencing the characteristic physiological action 

In order to bring the action of aconitine, pseudaconitine, and 
japaconitine into a contrast, which may be readily apprehended at 
a glance, the following summary will bo useful 

Heart —All three alkaloids have a similar effect upon the heart of 
such mammals as have l^een observed Pseudacomtme is quantita¬ 
tively more energetic than the other two, towards cats, but is certainly 
not nearly twice as toxic when artificial respiration is practised 
Towards the frog’s heart pscudaconitme is slightly less powerful than 
the other two, of which japaconitine is rather the more active 

Pagus Nerve and Inhtlnioj 1 / Merlmmsm tn Heart —Heart slowing from 
increased central vagus activity is produced by all these alkaloids, and 
similar results follow section and stimulation of the nerve at this and 
later stages of poisoning by one and all of them, Yioth in mammals and 
frogs 

Reepirattcfti —There is less tendency to acceleration of respiration tn 
mammals poisoned by pseudacomtine than when the othei two alka¬ 
loids are employed, farther, the dyspnoeal conditions develop more 
suddenly and the central depression of respiration is greater, Jap- 
acomtine is at first slightly more depressant than aconitine, but 
thereafter the tendency to acceleration of respuation is sooner 
developed, otherwise the general features of their action are similar 
Blood —All the aooiutmes produce a deleteiious effect upon the 
haemoglobin and coloured corpuscles of the blood w^hen they are given 
repeatedly m large doses. As far as has been ascertained this is due 
to impaorment in the nutrition of the animal rather than to a direct 
action. 

Frogs kept 10 a watery medium or in contact with a moist surface 
develop oedema after receiving any of the aconitines, but this condition 
is most marked and the hydracmia of the blood is more pronounced 
and lasting after pseudacomtine 

Bra%n and £7^,~A11 acotufcines appear to have a similar effect 
qualitatively on the brain and cord of rabbits, pigeons, and frogs 
Tmperedare —The initial elevation of temperature often seen m 
rabbits which have received acomtine or japacomtine is less frequently 
observed after pseudacomtine. A slightly greater and more enduring 
fail of internal temperature is witnessed after the latter, when the dose 
la large and bears a like relationship to the lethal amount 
E^mted Admtnvi^aii&n -*-Some tolerance is established on the part 
of rabbits towards all the aconitines, and this is manifested with 
reference to temperature reduction, to the cardiac effect, and, to a 
lesser extent, to respiration, the general toxicity undergoing a 
redaction which is not, however, extensive. Less tolerance is shown 
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towards pseudaeonitine than towards the other two * it has been found 
impossible hitherto to determme how far rapidity of elimination vanes 
between the alkaloids^ 

Semscny Nerves —Local applications of the acomtme ointments of 
equal strengths are followed by a somewhat more powerfully depres¬ 
sant and enduring effect when these contain aconitine or japacomtine 
than pseudacomtine This statement has reference to cutaneous sonsoiy 
and thermic impressions in the human subject. The difference is at 
most but slight 

Motor Nerve and Muscle —The action of the individual alkaloids is 
much the same whether specimens of E esmhnta or li iemporaria 
are used It is more difhcnlt to reduce reaction or to produce 
insensitiveness of the intramuscular motor nerves by pseudacomtine 
than by the other alkaloids The so-called curaro-hko action has 
been found for all the alkaloids to be much feebler than was at one 
time supposed 

Direct contact of the alkaloulal solutions uith muscle-norve pre¬ 
parations reduces excitability, the muscle being affected by solutions 
containing less than 1 m 1,000,000, and the nerve by solutions still 
weaker. Pseudacomtme is recognised as producing a rather weaker 
effect than the two other alkaloids, which are nearly equal to one 
another, japaconitme being slightly the more energetic. 

The results of the expenments detailed m this paper do not in all 
respects agree with previous observations, especially u this the esae 
with regaid to the relative toxicities of the three aconitines The 
general order of toxicity towards mammals is pseudacomtine, jap- 
acomtine, and acomtme, which is the least tome Fseudaconituie has 
been found (roughly speaking) twice as toxic as acomtme towards the 
small mammals and birds us^ in the research This agrees closely 
with results of Adelheim* * § and Bohm uid Ewers f Cloettat 
states that pseudacomtine is the stronger alkaloid, but gives no propor¬ 
tion Our results differ from those of Nothnagel and Bo8Bbach,g who 
state that pseudacomtine is seventeen times as active as aconitine, 
and of Hamaok and Meumcke,|| who find the under margin of aoUve 
dosage equal, Kobertf finds pseudacomtine and aconitine to be in 
activity ** siemlioh gleicb 

The relative toxicity of japacomtme to aconitine is approximately 
as ten to about nine towards the small mammals and birds which were 
uied^ Previously japacomtme has been seldom contrasted with the 

* Adslhsim, * Foreos. Chem. Untomoh,* Dorpat, 1060 

t BChm sad Ewew, 'Arch, f. Exp Path u. Phans ,* 1873, Bd, 1, p, 388. 

t OICfiMa, * lehbr d -AKn«m u ArniMTeroidnttS|pl,/ Fretb., 1865, 

§ Ke^nsfsl u SoMbaoh, * Mat Mrd u. Therap * (Fr ), 1660, 685. 

II Hamaok and Hounioko, < Bsrl XUn Wchaeb.,* 1883, No iS, p. 657. 

n Xobsrtk^Idhhr d Intox/p 657 
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other two aconitinee, but has been recognised as stronger than aconitine 
by Langaard,'*^ and in one series of obsenrafcions by Hamack and 
Meunicke Robert, on the other hand, does not separate japaconiUno 
from aconitine and paeudacomtine m toxicity 
Pomge —Based upon the observations made, the relative doses tor 
therapeutical purposes would be approximately, regarding that for 
aconitine as the unit, for pseudaconitine 0 4 to 0 43, and for jap- 
uconitine 0 8. 

Towards frogs the toxicity of these alkaloids is by no means so 
great (per gi amine body-weight) as it is towards the same unit of the 
mammds and birds included m this research Thus the lethal dose 
per kdo mammalian weight may only be lethal to 140 to 170 grammes 
of frog weight, or even to less, according to the time of year A 
medium-sized rabbit may therefore be poisoned by a dose of aconitine 
or japacointine which would suffice to destroy sax or eight frogs 
Japaconitine is slightly more toxic towards both mammals and frogs 
than 18 aconitine, but the higher toxicity of pseudacomtine towards 
birds and mammals is not associated with an equal activity towards 
frogs, for It exerts towards both li emdenia and li temporana a 
slightly lower toxicity than do either of the other alkaloids 
There is no essential difference in the reaction of E, enculenta and E 
tmporana rospeotively to individual aconitines beyond a greater or less 
accentuation of one or other symptom, as for example more excited 
movement m the latter, more reduction of reflex in the former, but m 
all parallel senes of observations the resistance of K, eseulenta has 
proved to be slightly greater to ail the acomtiiies examined 
As oonoerns the local action of the acomtuies upon sensory (cuta¬ 
neous) structures in man, the differences are so tnfling as to be 
negligible 

As regards the therapeutical employment of aconitine, japaoonitine^ 
and pseudaconitine, the great similanty in their physiological aotimis, 
amounting almost to a qualitative identity, which is established by this 
investigation, justifies the emplojrment of any one for internal ad^ 
ministration, provided that the dosage is properly regulated. Given in 
the proportions mentioned shove, the three alkidoids would exert 
the same action We strongly recommend the use of a pure alkaloidal 
salt in preference to preparations made from the {duts, since the 
latter would be difficult to standardise, and even if this were done, the 
action of the aconitines would be mo^ed to a greater or less extent 
by the other alkaloids present in the vegetable pr^ration. 

For local applications the three alk^ids may be introduced into 
ointments in identical proportions. The greater tendoity of pseud- 
aeonitine need not prevent its use m this department pf treatment if it 


« Lsagsard, * Arch f. Psfh Anit 1880,79, a 329 
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16 remembered that all apphcatioos of the aconitines, externally, are to 
be considered dangerous if atiy abrasion of the skin is present 

The chemical part of this inquiry has been conducted in the Labora- 
tonos of the Scientific Department of the Imponul Institute, with the 
assistance and co-operation of the Government of India Our thanks 
are specially duo to Dr George Watt, C IE, fieporter on Economic 
Products to the Qo\ernmont of India, for the interest he has shown in 
the investigation, and for the care ho has taken in the collection of the 
necessary material 

The physiological experiments have been conducted m the Depart¬ 
ment Matena Medioa and Pharmacology of the University of 
Aberdeen, and have been assisted by a grant made by the Eoyal 
Society from the Government Eund The assistance of Drs Esslcmont 
and Fraser has been very valuable in carrying out some of the obser¬ 
vations entailed in this department of the research 


** The Pharmacology of Pyraeonitine and Methylbenzaconine con¬ 
sidered in Delation to their Chemical Constitution.” By J 
Thtcoporb Cash, M D , PJl S, Kegius Professor of Matena 
Medica m the University of Aberdeen, and Wyndham B. 
Ditkstan, M a , F E S , Director of the Scientific Department 
of the Impenal Institute* Beceived June 11,—Read June 20, 
1901 

(Abstract) 

In a previous paper* we have shown that an entire change in the 
physiological action ensues on the withdrawal of the acetyl group 
from aconituie as is seen in the action of bensaoomne, the first 
hydrolytic product of aconitine, from which it differs in ooiitaming 
au atom of hydrogen m the place of one acetyl group. This 
Alkaimd is devoid of the charaotenstic physiological action and 
extraordinary toxicity of aconitine, whilst in respect of its action on 
the heart it is in the mam antagonistic to that of the parent alkaloid. 
In order to study further the remarkable dependence of the physio¬ 
logical action on the presence of the acetyl group, we have examined 
the action of two derivatives of aconitine which we have obtained in 
this research, vis, pyracomtine and metihylbonaacomne. 

Pyraconitme was first prepared by one of uat by heating aoomtme 
at ife melting point, when the acetyl group is expelled as one molecuie 
lof aeeUc aeid and the alkaloid p5nraconitine remains ThW otmiponnd 
* Phil Trent B, lh9S, rol KK), p 289 
t BuMtaa and Csrr,< Item Chem Soe tdl 69, p 17A 
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th«ra{ore differs in composition from aconitine by the loss of one 
molecule of acetic acid» and from benzaconiue by one nudecule of 
water 

Methylbensaconme was obtained from aconitine by heating it with 
methyl alcohol in a closed tube * A remarkable reaction takes place, 
in which the acetyl group is ejected as acetic acid, a methyl group 
taking its place This alkaloid therefore differs from aconitine ui 
containing a methyl group in the place of the acetyl group, and from 
benzaconiue in containing a methyl group in the place of one atom 
of hydrogen The examination of its physiological action would 
therefore be the means of studying the result of replacing in aconitine 
the negative radical acetyl by the positive methyl group, and also of 
studying the effect of the introduction of methyl in modifying the 
physiological action of benzaoonine 

The acetyl group of aconitine evidently occupies an exceptional 
position in the molecule of aconitine So far as we are aiiare it is 
the only acetyl compouiui at present known, which exchanges this 
group for methyl when it is heated with methyl alcohol Wo have 
examined the behaviour of numbers of different types of acetyl 
denvatives from this point of view and can find none analogous to 
aconitine 

For the study of their physiological action these alkaloids have 
been specially purified and employed as hydrobromides in aqueous 
solutioiu 

Contrasting the physiological action of pyraconitine with that of 
aconitine, as described in the present paper, we find, os might be 
anticipated from our previous results, that through the removal of the 
aoetyl group the great toxicity of aconitine is nearly entirely abolished 
and the o^actenstic features of aconitine poisoning are no longer 
produced by pyraconitine 

Contrasting the physiological actions of benzaconine and pyr 
ac<»iitine which differ from each other empirically by one molecule of 
water, pyraconitine, the anbydnde, is the more active emnpound* 
Both these alkaloids, divested of the acetyl group of aconitine^ are rela- 
tivdy weak and feeUy toxic when compared with the parent alkaloid 

Although benaaconine and pyraconme exhibit a strong similarity m 
the i^ysiologioal offsets they produce, there are differences between 
them which are probably more considerable than they would be if 
pyraconitine were merely the anhydride of benzaconine. 

The substitution in aconitine of methyl for acetyl which occurs in 
the formation ot methyl bmizaeonme has led to a very considerable 
reduction m toxicity and has introduced a curare^kke effect similar to 
thftt first oHsvtred hy Crum Brown and Frasert to result from tiie 

* * Free. Chew. Soc ,* 18S6, p m 
t * Xmtu, Soo. Sdinb,' 1600, vol 65, p. |9S 
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introducton of methyl into the molecule of an alkaloid. Methyl benz- 
aeonine is however more toxic and generally more powerful than 
benzaconine, owing to the presence of the methyl group 


Action of Ppraconiitne. 

The main effects of pyraconitine may be thus summarised Its 
local apphratiou is devoid of the effects characteristic of the aconi¬ 
tines Its chief action upon the heart is to cause slowing, partly 
from vagus irritation, partly from depression in function of intrinsic 
rhythmical and motor mechanisms 
There is less tendency to want of sequence in the cardiac chamber 
walls than is observed liter the aconitines and benzaoomne 
The vagus apparatus remains active in degree after doses some 
what m excess of the lethal, the slowed heart of pyraconitine being 
accelerated both by vagotomy and by atropine 
Activity of respiration is reduced (by central depression) to a degree 
incompatible with life, as is the case alter aconitine and benzacomne. 
like peripheral motor nerves and muscular tissues are not at this time 
markedly affected Artificial respiration prolongs life, but the slowed 
heart and greatly reduced blood pressure tend to a fatal issue 
The spinal cord is impaired in its reflex function, apparently 
secondarily to reduced circulation in its structure. A tendency to 
tome spasm in frogs is late in appearing and of moderate degree It 
has not been seen after destruction of brain and medulla. It is 
further associated with a curious condition of exaggerated motility 
Neither muscular nor intramuscular nervous tissue are strongly 
influenced by pyraconitine in lethal or somewhat hyperlethal doses 
The lethal dose per kilo frog’s weight is practically about twelve times 
that which is lethal per kilo rabbit’s weight 


CofUrasted Sffecte of Pyraconitine and Bewtaeonme, 

Of these two alkaloids, pyraconitine is approximately six to seven 
tunes more toxic towards mammals (rabbits and gmnea*pigs) t^an 
benaacomne, and five to six times more so towards frogs. Tbsy are 
alike in their action upon mammals, in so far as they are noti-irritant, 
that they slow the respiration without preliminary aooeleration, that 
they dow the heart and reduce the blood pressure to a very low levels 
that they cause paresis and in guinea-pigs dome movemoati, and 
that respiratory failure is the immediate cause of death. They difihr 
in so far that pyraconitine acts more rapidly, but f(»* a shoiMr period, 
whflst iatal temmation of poisoning is preceded by eonv^iOti^ 
which are very rare after betiaaconine. Benaaconina alters the 
sequence of the ventrides upon the aunctes mudi kadte uaudBiy and 
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to a greater extent than pyraoonitine, though if aaequence is de< 
veloped it has the same general character (the auncular second beat 
being blocked from the ventncle). 

Whilst pyracomtine stimulates the cardiac vagus both centrally and 
irithin the heart (section and atropine causing acceleration)^ and 
finally occasions only a limited reduction in its activity, benzaconine 
produces hut little stimulation, and ultimately suspends the vagus 
inhibitory action Under these conchtions atropine is, of course, 
inoperative Both accelerate the heart in small, but slow it in large, 
dose, and both may disorder the sequence, but vagus inhibition is 
much more interfered with by lienzacoiune Frogs poisoned by benz- 
acomne lose the power of volunUry movement, then reflex disappears, 
and finally the circulation is ai rested ^ but after pyraoonitine, reflex 
outlasts the heart’s action Late spasm occurs after the latter, not 
after the former Whilst in lethal doses pyracomtine has no effect 
beyond somewhat favounug fatigue and reducing excitability of motor 
nerves, benzaconine greatly impaiis their function, and m thorough 
poisoning may suspend it entirely 


Adton of Mdhylbetizacomne 

The action of methylbenzaconme may be summed up as follows It 
is very feeble m its toxicity when contrasted with acomtme, but is 
somewhat stronger than benzaconine 

Small and medium doses, whilst slowing the heart, do not cause any 
failure in sequence^ but larger doses have this effect. They act upon the 
rhythm of the organ, involving the movement of the auncle and ven¬ 
tricle whilst ultimately the sequence of the latter upon the former is 
impaired, so that it follows only a certain proportion of the auncular 
** leads " This block is not removed by atropine Whilst the passage 
of the ventricle into the diastole is at first retarded, the contraetile 
power of the myocardiiun is ultimately reduced by methylbeuzacomne 

The cardiac vagus is depressed in action and its inhibitory function 
IS ultimately suspended by large doses, neither section of the vagus 
nor atropine administration relievmg the slow and faulty action of the 
organ 

There is evidence of alight pnmary stimulation of reflex cord 
centres when ligature of vessels prevents the masking of this condition 
by the penpheral action of the poison. The subs^uent impainnent 
in cord reflexes is later in oocumng and of much shorter duration 
dum the acti<m of metbylbonzaconine upon intramuscular motor 
nerves. 

Jn mammals the paralytic symptoms are predominant, the fall of 
temperature is in part attributable to this cause as well as to changes 
in the ebculationt The clonic movement mid salivation (observed in 
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A certain stage of the action of methylbenoaconinet especiaUy upon 
guinea-pigs) are suggestive of the action of a near ally of aconitine. 
In frogs, however, there is no semblance to an aconiUne effect, unless 
its very feeble action towards sensory nerves or its much more 
powerful action upon motor nerves, be thus viewed Motor nerves 
are greatly affected by doses which are distinctly below the lethal for 
cold-blooded animals, the action being curare-bko in character. Mus¬ 
cular tissue IS after the action of largo doses more susceptible of 
fatiguing influences Fibrillation in muscles to which the poison has 
access is more common than after aconitine or any other derivative 
examined 

These observations support in the mam the contention of Crum 
Bro)sn with Fraser that the introduction of methyl into the molecule 
of certain spasm-producnig alkaloids, marks the effect of these by 
occasioning a curare-hke action at the penphery 

Gonirasied Effects of MeihylbmusarMnim tml Atmiitne 

The toxicity of aconitine is, roughly, eighty to one hundred timea 
that of methylbenzaconino towards rabbits and guinea-pigs, and much 
the same proportion holds for summer and winter frogs respectively* 
Whilst slight tendency to salivation and retching movements arc pro¬ 
duced by methylbenzaconine, and are in so far suggestive of a slight 
aconitine action, the alisence of initml acceleration of respiration, of 
local irritation, and dyspnoea! convulsions, and the predominance of 
paralytic symptoms, are points of difference. The action upon the 
heart is entirely distinct, for the pulse is slowed by methylbenz¬ 
aconine, the auricles eventually boating more rapidly than the ventri¬ 
cles, the action of the poison proceeds uniformly and without the 
mtemusaions which characterises aconitine, whilst the early phenomena, 
of vagus stimulation have little m common The general symptoma 
of poisoning in frogs have scarcely a point of similanty, quiescence, 
rapid failure of reflex, and voluntary movement, without impairment 
of the cardiac action, are distinctive of methylbenzaconine, whilst 
excitement with great motility and persistence of voluntary move¬ 
ment follow aconitine. Fibrillation is much more pronounced after 
the former, though it is only a transitory phenomenon. Hie action 
on the heart differs widely in frogs as it dem m marnttyaU, whQst the 
curare-like action of the denvativo on motor nerves is not produced by 
aconitine in doses which just suffice to arrest the heart. 

It IS true that large but sublethal doses of aconitine are followed by 
a condition of almost complete paralysis, whidi lasts for several days, 
butdnzing this time there is sbght voluntary and reflex movement, the« 
nerve-endings are not put out of action, and tbe oireulatiotiia usttoUy 
of the feeUeet character, oU ccmditionB which are not fonad in the> 
period of quiescence following mcthylbeneacoame. 
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Contrasted Effeds of Methylben»icofane and Betmconnie, 

Metfaylbenzacomno is from three to four times more tone towards 
rabbits and guinea-pigs than benxaroninei and from twice to thnee as 
tone towards frogs {E temp and R esc ). In mammals, sli^t salira- 
tiori, retching movements, and muscular tremor are charactenstic 
effects of the former, but dyspnoea, atana, and paresis are also seen 
after liensaconine Of the two, methylbenzaconinc is distinctly less 
depressant towards the heart Slowing of the pulse and want of 
sequence of ventncular ujKin auncular action occurs after both, but is 
a much earlier symptom after bonzaconino, which caiisoa more dis¬ 
order in the motor mechanism On the other hand, the intracardiao 
vagus IS put out of function more readily by methyllionzHComne 
Death after either poison is rarely preceded by spasm Neither of the 
two compounds cause any local imtation in frogs, but methylbenz- 
aconino produces active fibrillation in the muscles, to m Inch it gams 
access and develops a complete enrare-hke action much more promi¬ 
nently than does benzuconme, the heart continuing to I teat strongly 
Beazaconme, in dose sufficient to cause such an effect at the penphory, 
acts disastrously upon the circulation In partial {Kiisoning by 
methyliienzaconmo the characteristic rapid failure of the intramuscular 
motor nerves on stimulation is well marked, but the subsequent 
recovery on resting, so charactenstic of benzacomne, has not been 
observed 


“ On the Sepaiatioii ot the I^east Volatile Gases of Atinospherio 
Air, and their Spectra.” By G D Livkinci, MA., ScD, 
FB,S, Professor of Chemistry in the University of Cam¬ 
bridge, and James Ukwab, MA-.LLlh, PR.S, Jacksonian 
Professor in the University ot Cambridge, FuUenan Pro¬ 
fessor of Chemistry, Itoyal Institution, London. Booeived 
June 16,—Bead June 20,1901 

Our last communication to the Society* related to the most volatile 
of the atmcH^enc gases, that which we now beg leave to oSef relates 
to the least volatile of those gases The former were obtained from 
their solution in liquid air by fractional distillation at low pressure, 
and separation erf the condensible part of the distillate by cooling m 
liquid hydre^n The latter were, in the first instance, obtained freun 
ttexesidae of liquid air, after the distillation of the fraction, by 
alkwii^ it to evaporate gradually at a temperature nsing only very 
stoedy. The diagram, fig. 1, will make the former jnrocess intelbgible 

• ' Boy. Sdo. Free./vti 0Tjp 407. 
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A representft a vacuum-jacketed veasel, partiy filled with liquid air, m 
which a Mootid veeeel, JS, was immersed From the bottom of £ a 
tube, Oi passed up through the rubber cork which closed and from 
the top of JB a second tube, passed through the cork and on to the 
rest of the apparatus. Each of these tulies had a stopcock, m and n, 
and the end of tube a was open to the air. A wider tube also 
passed through the cork of A and led to an air-pump, whereby the 


Fio 1 





pressure above tbe liquid air m A was reduced, and the temperature 
of the liquid reduced bj the consequent eviqwration. To keep the 
inner vessel, B, covered with liquid, a fourth tube, r, paseed through 
the cork, and its lower end, furnished with a valve, f, which could be 
opened and closed by tbe handle dipped into liquid air contained in 
the vessel C, As the pressure above the liquid in A was lesa than 
that of the atmosphere, on openuig the valve some of the liquid air 
was forotd throi^h r into A b^ the pressure of the atmoqphere, mid in 
this way the level of liquid in A mamtabed at the required V p ght- 

''ISnoe B was maintained at the temperature ol liquid air at 
reduced preeeure the air it contained condensed on its eidec, and fdien 
the itopcook M was dosed and m opened, more air paceed in 
the open end of a, and was in turn condensed. Xii wsi^ B co^d 
be filled oompielidy with liquid air, die whole of the mbit vdoMIa gacea 
'hdtig' retained in edution in the liqmd. 

The tube, i, paaring from the top of J, waa eiweeetedliri£h n 
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WHy stop-cock by which c could bo put m communication with the 
closed vessel, 1)^ or u ith the tube by which also D and e could bo 
connected The tube e passed down nearly to the bottom of the 
vacuum jacketed vessel and out again through the cork , and on to 
a gauge /, rind through a spat king tube q to a mercury pump F 
The stopcock n being still closed, the whole of the apparatus between 
n and the pump, including the vessel />, was exhausted, and liquid 
hydrogen introduced intf» E The three-way cock d was then turned so 
as to connect c with />, and close r, and then n opened 11 was thereby 
put in commiuiicatinn Mith which was at a still K>wer tempeuituro 
than and the gas dissolved in the liquid in //, along with some of 
the most volatile pait of that liquid, distilled over, and the latter 
condensed in a solid form in ]> When a small fraction of the liquid 
in Ji had thus distilled, the stop-cock d was turned so as to close tho 
communication between I) untl r, and open that lietwoen J> and e 
Gas from D passed into the vacuous tulies, but in so doing it had to 
passthrough the portion of i which was irameised in liquid hydiogen, 
BO that condensible matter curried forwanl by the stream of gus was 
frozen out 

For separating tho least v olatile part of the gases, the vessel £, with 
Its contents, was dispensed with, and the tube e made to communicate 
directly with that connected wuth tho gauge, sparking tube, and pump, 
and generally soveial sparking tubes w^ere iiitei posed lietwoen the 
gauge and pump, so that they could be sealed off successively Tho 
bulk of the hqiud in B consisted of nitrogen and oxygen These were 
allowed gradually to evaporate, the tomperatuie of B Tieing still kept 
low so as to check the evaporation of the gases less volatile than 
oxygen When a great part of tho nitrogen and oxygon had thus 
been removed, the stopcock a was closed, and the tulios paitially ex¬ 
hausted by tho pump, electtic sparks passed tlirough and the gases 
examined spectroscopically More gas was then evaporated from 5, 
and tho spectroscopic examination repeated from time to time 

The general sequence of spectra, omitting those of nitrogen, hydro¬ 
gen, and compounds of caibon, which wore never entirely removed 
by the process of distillation alone, was us follows The spectrum of 
argon was first noticed, and then as the distillation proceeded the 
brightest rays, green and yellow, of kiypton appeared, and then the 
intensity of tho argon spectium waned, and it gave way to that of 
krypton until, as predicted by Itunge, when a Leyden jar was in tho 
oiromt, the capillary jiart of tho sparking tube had a magnificent blue 
colour, while tho wide ends wore bnght pale yellow Without a jar 
the tube was neaily white in tho capillary part, and yellow about tho 
poles. As the distillation proceeded, the temperature of the vessel 
containing the residue of liquid air being allowed to nse slowly, the 
brightest oi the xenon rays began to appear, namely, the green rays 

VOL UCVin. 2 B 
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about X 5420, 5292, and 4922, and then the krypton rays soon died ou 
and were superseded by the xenon rays At this stage the capillary 
part of the sparking tube is, with a jar in circuit, a brilliant green 
and is still green, though less Imlliant, without the jai The xenon 
formed the final fraction distilled 

Subsequently an improve<l form of apparatus was used for the frac¬ 
tionation It IS represented in fig 2 A gasholder containing the 


Fig 2 





gases to bo separated, that is to say, the least volatile part of atmo- 
sphenc air, was connected with the apparatus by the tube a, furnished 
with a stopcock c This tube passed on to the bulb which in turn 
communicated through the tube h and stopcock A with a sparking 
tube, and so on through the tube with a mercurial pump ♦ Stopcock A 
being closed and r opened, gas fiom the holder was allowed to pass 
into By maintained at low temperature, and there condensed in the 
solid form Stopcock r was then closed and A opened, and gas from B 
allowed to pass into the exhausted tubes between B and the pump 
The tube e was partly immersed in liquid air m order to condense 
vapour of mercury, which would otherwise pass from the pump into 
the sparking tube The gas passing into the sparkmg tube would, of 
oouree, have a pressure corresponding to the temperature of B, and 
this was further ensured by making the connecting tube pass throu|^ 
the liquid m which B was immersed The sueooss of the operation of 
separating all the gases whioh ocour in air and which bod at diffsrent 
e The 0praug«l pump ihown in figure is simply disgnamnatto 
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temperatures depends on keeping the temperature of ^ as low as 
possible, as will lie soon from the following consideration — 

The pressure p, of a gas 0, above the same niaterul in the liquid 
state, at temperature 2\ is given (approximately) by the formula 

logl^ A 


where A and B ai e constants for the same material 
gas G the formula will bo 
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Now for argon, krypton, and xenon respectively the values of A are 
6 782, 6 972, and G 963, and those of aie 339, 496 3, and 669 2, eo 
that for these siibsttincos and many others 4-Ax is always a small 


quantity, while 


ll\ “ B 
T 


IS considerable and in ei oases as 7'diminishes 


Hence the ratio of p iop\ iiici eases rapidly us diminishes, and hy 
evaporating the gases always from the solid state and keeping the solid 
at as Iowa temperature as possible, the gas hist lomovablo at the 
lowest pressure consists in by fai the greatest |>art of that which has 
the lowest lioilmg point, which in this case is nitrogen, and is sue- 
ceedod, with comparative abruptness, by the gas which has the next 
higher boiling point By this method the nitrogen and oxygon are 
removed without the necessity of sparking or absorption The 
change from one gas to another is easily detected by examining the 
spectrum m the sparking tube, and the reservoirs into which the gases 
are pumped can be changed when the spectrum changes, and the frac¬ 
tions separately stored Or, if several spaikmg tubes are interposed 
in such a way as to form parallel communications between the tubes b 
and r, any one of them can bo sealed off at any desired stage of the 
fractionation 

The vanation of the spectra of both xenon and krypton with varia¬ 
tion in the character of the electnc discharge is very striking, and has 
already been the subject of remark, m the case of krypton, by Runge, 
who has compared l^ypton with argon in its sensitiveness to changes 
in the electnc discharge. Runge distinguishes krypton rays which are 
visible without a jar and those which are only visible with a jar dis¬ 
charge. The difference in the intensity of certain rays, according as 
the discharge is continuous or oscillatory, is no doubt veiy marked, 
but» with rare exceptions, we have found that the rays which are 
intensified by the oscillatory discharge can be seen with a contmuous 
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discharge when the slit of the spectroscope is wide Bunge used a 
grating, where.i8 y\o have, for the sake of more light, used a pnsni 
spectroscope thioughout, and were therefoie uhle to observe many 
more rays than he 

There IS ono^ety remarkable change in tlu xenon spectrum pro¬ 
duced by the iiitioductioii of a j.ir into the circuit Without the jar 
xenon gues two bright green i.iys at .ibout A 4*) 17 and A 491J4, but on 
putting a jar into the circuit they are replaced b\ a Ringlo still stiongcr 
ray at about A 4922 * In no other case ha\e wo notued a change so 
striking as this on merely changing the character of the discharge 
Changes of the siiectriim by the introduction of a jai into the ciicuit are, 
how'CAor, the rule rather than the exception, and there are changes u\ 
the Bpectium of krypton which seem to depend on othei lh cumstances 
In the course of our examination of many tubes filled with krypton 
in the mannei above indicated, we ha\e found some of them to give 
with no jar the green ray A 5571, the yellow' ray A 5871, and the red 
ray A 7 GOO \ery blight, while other rays are ler}^ few, and those few 
barely Msible Putting a jar into the circuit makes \ery little diffei- 
ence^ the three rays above mentioned remain much the brightest, 
nearly, though not quite, so bright as before, and the blue rays, so 
conspicuous in other tubes, though strengthened by the use of the jar, 
are still very weak In other tubes the extreme led ray is invisilde, 
the rays at A 5571 and 5871 absolutely, as well as relatively, much 
feebler, while the stiong blue rays are bright, e\eu brighter than the 
green and yellow rays above named In one tube the Wue rays could 
be seen, though not the others Tins looks very much as if two 
different gases w^ore involved, but we have not been able to assure our¬ 
selves of that The case seems nearly parallel with that of hydrogen 
There are some hydrogen tubes which show the second spectrum of 
hydrogen very bright, and others which show only the first speotruxn, 
the second spectrum is enfeebled oi extinguished by introducing a jar 
into the circiut, while the fiist spectrum is strongthoiied , and the con¬ 
ditions which determine the appearance of the ultra-violet senes of 
hydrogen lays have not yet lieeti satisfactonly made out 

It IS to bo noted that putting the jar out of circuit does not in 
general immediately reduce the bughtnesB of the rays which are 
strengthened by the jar dischaige Their intensity fades gradually, 
and IS generally revived, moze oi less, by reversing the direction of 
the curient, but this revival gets less marked at each reversal until the 
intensity roaches its minimum The lays strengthened by the jor dis¬ 
charge also sometimes appear bright, without a jar, on first passing 
the spark when the electrodes are cold, and fade when the electrodes 
get hot, reappearing when the tube has cooled again Moreover, if 

* This Ime u almost identical with a strong heliam Uns, bat the yelhyw him of 
hslium was not seen 
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the discharge bo continued without a ]ar, the resistance m the krypton 
tubes incroaseB lather rapidly, the tube becomes much less luminous 
and finally refuses to pass the spark With an oscillatory discharge 
the passage of the s^iark and the brightness of the rays are much more 
poi'sietont This seems to point to some action at the electrodes, which 
IS nioie marked m the case of kr3’^pton than in that of xenon 

The wave lengths of the xenon and kiypton in the tables below 
wcio dotoimined, in the \isible part of the spectrum, with a spectro¬ 
scope having three i\hite ibntgl.iss pnsms of 60"* each, by lofcrcnce 
to the spaik spettriim of non except in the cases of the extreme led 
m\ of krypton, \\ hi( h as referred to the flame sjiectrum of potassium, 
and Its fuintei neighbom, whuh we saw but dni not meisuro The m 
digo, vuilet, and ultra Molot rays were measuied ni photographs, taken 
with quartz lenses and two (.ilcite prisms of 00 each The spoctnim of 
the non spark w^as photographed at the same time as that of the tube, 
the former being admitted through one-half of the slit, aii<l the latter 
thiough the other half 

The xenon spcctiuni is chaiuctciised by a group of four conspicuous 
orange rays of about equal mtousities, a giunp of ver}''laight green 
lays of which two aio especially" conspicuous, and scieial \ory bright 
blue rays The only list of xenon lays wo ha^e 8<»en is that published 
by Erdmann, wuth which oui list does not present any close agreement 
except as to the strongest gieon lines The number of xenon lays w"o 
have observed is \ery consulerable, and some of thorn lie \ery neai to 
rays of the second spectrum of hydiogen, but inasmuch as these rays 
are more conspicuous with a jar in circuit than without, which is not 
the character of the second spectrum of hydrogen, and, moreover, 
many of the lnightost of the hydrogen lays are absent from the 
Bpoctrum of the tu])e8, wo conclude that those lays are not due to 
hydrogen Certain rays, which we have tabulated sopaiately, have 
been as yet observed in only one tube they include a very strong 
ultra-nolet ray of unknown origin, and either due to some subetance 
other than xenon, or to some condition of the tube which has not 
been lepeated in the othei tubes 

Our krypton lays agiee much more closely with Itunge’s list, but 
•outnumber his very considerably, as might be expected when pnsms 
were used instead of a grating Pnsms, of course, cannot compete 
xnth gratings m the accuracy of wave-length determinations We 
think that the krypton used by Bunge must have contained some 
xenon, and that the rays for which he gives the wave-lengths 5419 38, 
£292 37, and 4844 68 wore really due to xenon, as they are three of 
the strongest rays emitted by our xenon tubes, and are weak in, and 
3n some oases absent from, the spectra of our krypton tubes 

Onr thanks are duo to Mr K Lennox, to whose skill in manipula 
we are much indebted. 
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TahU^ of the ajtproxtrmUe IVave-length^ oj Xenon and Kiifpicn Rays 

Ilays obaened only with a Leyden jar in circuit have an * prefixed^ 
those observed only when no Leyden jar ^\aa in ciicuit have a t pre¬ 
fixed 

The intensities indicated are approximately those of the rays when 
a jar is in circuit, except m the case of the two rays to which a 11** 
prefixed, which are not seen when a jar is in circuit Ita} s which are 
equally intense whothoi a jar is in circuit or not hA\e a |i prefixed to 
the number indicating their intensities, those which ai o less intense 
with a jar than without have a < prefixed to the number expressing 
thoir intensities The rest are, in general, decidedly more intense with 
a jai than without 
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“ Furtlior Observations on Nova Persei No 3 ** By Sir Nokman 
Lockykk, K C B, FK S Eecened May 17,—Bead June 20 
1901 

In the last paper* I gave an account of the obser\ationH of the 
Nova tnmie at KenHiugtun botwoen March 5 and March 25 inclusive 
The ubsenations arc no^^ brought up to midnight of May 7 Between 
March 25 and the latter date, estmutc^t of the magnitude of the 
Nova have been made on thirty-thice e\eningB, visual obsoi*vationB of 
the spectrum on twenty Jive evenings, and photographs of the spectnim 
on BIX eveningfl 

The 10-inch icfracfcot wuth a McClean sjicctioficopo has generally 
been used for eye obsorvationg The 6-imh ])tismati( camera has not 
Iieon a\ ailablc for photogiaphing the spocti uni owing to the faintness 
of the Nova, hut photographs have been aetuietl by l>i Lockyer with 
the 30 inch reflodoi on the nights of Maich 27, Apiil 1 and 12, and 
by Mr Fowler on M<irch 20 and April 4 ^^uh the 9 inch pnsnwitic 
reflector the spoctiiun was photogiaphed by Mi Hodgson on March 30, 
April 1 and 4 


(Imvffe of Bnghfne'^s 

Since March 25 the magnitude of the Nova has been undergoing 
fuither periodic vaiiatioiis, and tdtbough observations have not been 
made on every rught since that date, owing to unfavourable weather, 
yet Bufficient data have liecn gathered to enable a general idea of the 
light changes to be obtained, and the few gaps can be fllled up latei 
by other observers who expenenced clearer skies on these occasions 
The following table is a oontinuation of the observations for magnitude 
Columns (1), (2), and (3) denote the obsei vationa made by Dr Lockyer, 
Mr, Fowler, and Mr Butler re»poctjvol>, and Column (4) includes 
other estimates made by Mr Baxuiidall and Mr Shaw” The numbers 
in brackets represent the Qreenwucb mean time at which the observa-^ 
tions (against which they are printed) weto made, and rofe^ to the 
evening hours (p.m except where otherw ise stated 
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M 
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>1 


Magnitudes of Nova Persei. 
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Sir Nonnan Lockyei 


Magnitudes of Nova "PeiBei—tordwHed 
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It 18 interesting to note that the length of the period of vanabihty, 
reckoning from maximum to maximum, began after March 27 to 
increase from three days tp fow days 

The t\io following maxima, after that of April 8, occurred on the 
13th and 18th, so that the period became still more lengthened, namely, 
to about fvf days Further observations up to May 5 seem to 
indicate that the five-day period is shortening 
Another interesting observed fact was that the light of the Nova 
at the minimum on the 25th was more intense than at the preceding 
minimiun on the 2lBt, the estimated difference of magnitude at these 
times being about 4-tenths of a magnitude II fortunately the 

increasing twilight and the unfavourable position of the Nova make 
It very difficult now to determine the magnitudes correctly 
The two plates accompanying this paper illustrate graphically the 
vanous fluctuations of the light of the Nova from February 22, when 
It had not quite attorned its maximum brilliancy, to May 5. 

The curve is drawn to satisfy as far as possible all the observations 
made at Kensington The dotted portions represent the possible light* 
curve for those tunes when no estimates for ma^^tude could be 
secured 

In the plates the abscissie represent the tune element and the 
ordinates that of magnitude. 
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Sir Nariiian Ixiclqrer 



Colmi 


In the first part of the period covered by the later observations, the 
eolour of the Nova has been generally described as yellowish>red, red 
mth a yellow tinge, and yellow with a reddish tinge Since April 29 
the colour has been perhaps moie red than formeriy, and sometnnes 
noted as very red 

It is interesting to remark that the colour wnes periodically witk 
the change lu magnitude At maximum ft is of a d^not yellowish* 
red hue, but at or near minimum the yellowish tmge disappears and 
the Nova appears very red 







Fwther OhncrmitonB <m Novd Perm 
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r/w Vmuil Spectrum^ 

In the continued observations the G and F linos of hydrogen havo 
always been recorded as conspicuous,” other prominent lines being 
near \447, A. 465, and A. 501 (the last named being sometimes as 
bright as F or even brighter), and a line in the yellow which recent 
measures show to be Dj 

The strong lines in the gitsen at AX 4024, 5019» 5160, and 6317, 
which occurred m the earlier jihotographs, and which were asnibod to 
iron, are either absent from the later photographs or apixiai only aa 
very weak linos 

It has been noted that the lines 447, 501, and Dj appear to vary 
with the magnitude of the star, becoming relatively more prominent 
towards a nummum 

The continuous spectrum has been described thivughout as ** weak 
or “ very weak ” 

On the evening of April 25, Messrs Fowler and Butler made 
compansons of the Nova spectrum with the spectra of hydrogen^ 
helium, and that furnished ]»y an an spark between poles of iron and 
zinc For this purpose a Hilgei two-prism star spectroscope was 
used with the 10-inch refractor The hydiogen line F and the helium 
line Ds were found to be sensibly coincident with Nova lines The 
middle of the stiong green hue, previously mentioned as X601, 
practically coincided with the nitrogen luie 5005 7, and therefore 
there is little doubt that it is identical with the chief nebular line 
A 5007 6 This line was also compared with the asterium line at 
A5015 7, but was found to be decidedly non-cmncident with it^ 
though of sufficient breadth to nearly reach it* 

Plwh^aphic SpvdrtDiu 

In so far as the niunber and positions of the lines are concerned,, 
the few photographs available for discussion were obtained in the 
early part of the period dealt with in the present paper (March 26 to 
May 7), and show a spectrum very similar to that of March 26, which 
was desenbed in detail in the last papci The chief lines shown m 
the photographs are H)8, Hy, H5, He, and together writh 4471 
and 4650. 


Chamcimdioi of H/8* 

In continuation of the senes of light curves of H)ff reproduced*ii> 
the last paper, I give those plotted by Mr Baxandall from the later 
photographs 

It will be seen that the line still shows two maxima of intensity. 
As recorded in the previous paper, the less refrangible component gave 
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Total Edvpae of the Sun, May 28 , 1900 



LIGHT CURVe or 

tao-tnc/i rafteoeon 


mdicationa of becoming bughtor than the more refrangible member 
These fuithor photographs indicate that by April 4 the less refrangible 
had become twice as intense 


"Total Eolijise of the Sun, May 28, 1900—Account of the 
Obsoivations made by the Solar Physics Olweivatoiv Eclipse 
Expedition and the Officers and Men of H MS ‘Theseus’ at 
Santa Polo, Spain ” By Sir Nobman Lockteb, K <J B , P liS, 
lieueived May 21,—Bead June 20,1901 

(Abstract) 

The Boport gives details as to the erection of coronagraphs, 
prismatic cameras, and other instruments, and of the results obtained 
by their use durmg the eclipse, which was observed under very favour¬ 
able circumstances Some of the more obvious results have already 
been stated iii a Preliminary Beport,* and the following remarks may 
now be added 

A comparison of the photographs taken with the coronagraph of 
16 feet focus with those taken about two hours earlier in America 
indicates that while some of the prommences changed gready m 
appearance m the interval, no changes were detected m the details of 
the corona 

The spectrum of the chromosphere, aa photogca{died with the 
pnematio cameras, so greatly resembles that 1898 that it has not 
been considered necessary to make a complete reduction of wave* 

• ‘Eoy 8M.Troo,’vol 67,p 841 



On the l^lhalli of Ophiogloseum pendulum {L ), 405 

lengths The piomiuoncoa visible dunng totality had comparatively 
simple spectra, the greatest number of lines recorded being 36 

The heights above the photosphere to which many of the vapours 
can be traced in the photographs are tabulated and compared with 
the results obtained in 1898, the two sets of figures aie sufi&ciently 
accordant, except in the case of the shorter arcs, the \alu6 475 miles 
derived for the lowest moastirahlo \apours in 1898 being represented 
in 1900 by two strata, one leaching to 700 miles and the other to 270 
miles above the photosphere 

The bright'line spectinim of the corona was decidedly less bnght 
than in 1898, and a much smaller number of rings is seen in the 
photographs The three brightest nngs are at wai e-lengths 5303 7, 
4231 3, and 3987 0, and it may be noted that these were also the 
brightest in the ellipses (rf 1893, 1896, and 1898 The conclusion 
that the different nngs do not originate in the same gas, arrived at 
fiom a discussion of the photographs of 1898, has been conhrmed 
A drawing is gn en to illustrate the fact that while the details of the 
green coronal nag are seen in the inner corona, they have no apparent 
relation to the positions of the great streamen oi prominences For 
an investigation of this nature the photogiaphs taken with the pus- 
matic camera of 20 feet focal length are specially valuable 


“Prelimmaiy Statement oii the Prothalli of Ophioglossvm penr 
dulmn (L), HdminthodaehyH zcylaiuia (Hook), and Psxloimi, 
ep ” By WiLMAM H Lang, M B , D Sc , Lecturei m Botany, 
Queen Margaret College, University of Glasgow Cominum- 
cated by l^rofeasor F O Boweu, ScD, FKS Eeceived 
May 20,—Bead May 23,1901 

Dunng a recent visit to Ceylon and the Malay Peninsula^ the 
author found prothalh of Oplmghemn pendulum and Hehxvtdhodackys 
x&jlamea^ as well as a single specimen, which there is reason to regard 
as the prothalluB of Psiktum As the examination of the material will 
occupy a considerable time, it has seemed a<]visable to give a bnef 
description of the mode of occurrence and extoinal moiphology of the 
protbaUus in these three plants, without entonng into details of struc* 
tax*e or discussing the phylogenetic beanng of the facta. 

The chief gaps in our present knowledge of the gametophytes of the 
more isolated living Pi 0 ndophyia concern the Ophtoghsmem and Lgeo- 
to which groups the prothalli described below belong. The 

* expMiMt of the Tint to the Malay PemuBTila were defrayed by a grant 
from 4he ttorpd Bocteiy. 
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Mr W H Lang On tlie PTothalh of 

prothallus of Ophmihmm p^dmculomm* was dc8cnl>ed by Mettenins in 
1856 It VV2U5 subterranean, consisting of a small tiil>er, from ^hich an 
erect cyhndncal hotly prococdotl On the latter, which in some 
instances was observed to reach the surface and turn green, the sexual 
organs were borne The first divisions in the gorniitmting spore of 
0 ptiidulumi are described and figuied by CamjiljLll The prothalh 
of two species of JMryfhmm aie known, both of which arc Bubterranean 
That of IJ nrtftnuinum | is thick and flattened, and in its structure and 
in the localisation of the seviuil oigans on the upper suiface clearly 
^dorsiventral The piothalli of li Linwna^^ however, have sexual 
organs on all sides In the Ltiropiithacea the prothallus is well known 
in the hetorosporous foims and in Ly^opodtum The sexual genoiation 
IS entirely unknown m the PnhUune and in Pln/lhtqloitmm If the 
author is correct in attiibuting the prothallus ta be doscnlied lielow to 
Psilotum, the only two isolated genera of existing Yastnlar Cryptogams 
in w'hich the gamotophyte is entirely unknown are Tmmpiem and 
Phylio(jlo*i»um 



I'lG X Tio 2 Fm 8 

Fig 1 Ophtoqhwm old prothftUus from above ( x 7 ) 

Fig 2 Pdimnthottaihfit protLollus, bearing authondm, from the 

side {k7) 

Fig 8 PaiUUm^ ep , protbalbis from the side and sUgbtly from above ( x 7 ) 
OphuH/losmm pendulvm. 

The sporophyte of this plant was, for the most part, found growing 
on the humus collected by such epiphytic ferns as Polypodtum querci- 
fohum and A»pkn%um ntdm A large mass of the former, with the 
Ophtoylossxmi growing upon it, was collected in the Barrawa Forest 

• * Filiees Ilorti Bot Lipsienns,* Leipsig, 1856, p, 110 
t ‘ Mosses and Ferns,' London, 1805, p 2154. 
t Jeffrej, 'Trans Canadian Institute,* 1806-7, p. 265 
§ Hofmejiter,' Higher Cryptogamia,* London, p. 807. 
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Opluogloesum |>etidnlum (L), Jtc, 

Be8«rve»* near to HanwoliH, m Ceyloti On the humus contained in 
thiA being carefully examined prothalli of various ages were found. 
They were discnbuted throughout the hiunus, the majority being found 
near the !>ottom of this, often embe<lded among the ramenta which 
clothe the rhirome 

The 'voiy yoiuig prothnlli are button-shaped, the slightly conical 
lower part ex])andiug above The basal region is lirowmsh, the surface 
of the uppei portion a unifoim <lull white The latter tint is due to 
the close co\onng of jmraphyses, which, at this age, extends umn- 
terruptedly from just above the b,ise o\ei the uhole surface of the 
prothallus The joungest piothalh are thus cloaily radially synw 
motneal In slightly oldei prothalli, seen fiom above, the circ^ar 
outbne is lost, owing to the nioie .ictive growth of two oi three points 
on the margin This contmues, and theio thus arise a corresponding 
mimlier of cyhndncal blanches, the piothallus becoming inegularly 
star-shaped At first the branches spread out in a hotizontal plane, 
though with a slight upward tendency But ivhon the branches them¬ 
selves subdivide all suggeation of this secondary dorsiventrality is lost, 
and the larger prothalli consist of branches radiating m all directions 
into the humus (fig 1) 

From a short distance behind the smooth, bluntly conical apex the 
surface of the branch is covoiod with short, wide, unicellular paraphyses 
analogous to those known in prothalli of Li^nrjHMhnm Phleymana These 
are only absent above the sexual organs 

The prothalb are monoecious, anthendia and urchegonia being found 
close together on the same branch The surface projects very dightly 
aliove the large sunken anthembum, the nock of the archogonium, 
which, as seen from above, is composed of foui rows of cells, hardly 
projects from the prothallus The sexual organs thus resemble those 
of 0 pedmittdomm^ as desenbed by Mettenms 

Bhizoids have not been seen on any of the numerous prothalli ex¬ 
amined An endo]^ytic fungus occupies a middle zone of tissue in all 
Uie branches, the superficiid layers and a central core of cells being 
free from it 

HelminUmtarkps zeyhnica. 

The prothalli of this plant wore also f oimd in the Barrawa Forest 
Beseeve, a low-lyii^ jungle subject to frequent floods. Young plants 
still oettaohed to the prothallus were fairly abundant in certam spots, 
an4t by searching in the rotting leaf mould arouud, prothalli of vanous 
a|m #ere obtmnod The prothalli were found at a depth of about 

^ tmx iailebted to my friend Mr T Lewi*, who guided me to ihu locality, lor 
the mslita&oe he aflhrded me in my search for the prothailua of OpktoyUwum end 

. vtwe. LXVni. 2 F 
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The youngest prothallns obtained was a short cylindrical body a little 
over one-sixteenth of an inch ui length The lower end was darker in 
tint and bore a number of short rhizoids^ while above this, where the 
anthendia were situated, the surface was of a lighter colour The 
apex Itself was bhuitly conical and almost white In slightly larger 
prothalh the contrast between these two regions was more strongly 
marked The lower, vegetative region mcrefises in size and becomes 
lobed, while the anthendia are confined to the cyhndncal upper 
portion, which continues to increase in length This latter region 
appears to be longer and the lobed basal part relatively less developed 
an prothalh which boar the anthendia (fig 2) Seven of the young 
prothalh found were male, the other two })oro archogonia only 
These female prothalh were stouter and more lobed than the male 
ones, and the diameter of the short apical region, on the surface of 
which the archegonia were situated, was almost the same as that of 
the vegetative region There thus appears to bo a partial sexual 
differentiation in the prothalh of Helmtnthosiarky% but both anthendia 
and atchegonia may occur on the same prothallns, as some of the latter 
attached to young plants have shown The anthendia are largo and 
often closely crowded together They hardly project from the 
surface, the wall being only slightly convex The archegonial neck, 
which IS formed of four rows of cells, projects distinctly from the 
prothalluB 

The distinction made above between a vegetative and a reproductive 
region in this prothallus is supported by the distnbution of the 
endophytic fungus This is entirely absent from the reproductive 
region, but in the basal part occupies a wide zone between the two 
or three superficial layers of cells and the central tissue, which ore free 
from the fungus 

The young plants attain a considerable size while still attached to 
the prothallus. Planta with three leaves and as many roots have 
been seen, the prothallus of which showed no sign of decay. The 
first leaf is ternate and has a leaf-stalk of variable length The 
lamina is green and reaches the light. A single root corresponds to 
each of the early leaves 

Examination of the prothalh connected with young plants indicates 
t|be position they occupied in the soil Most commonly the long aids 
of the prothallns was vertical, sometimes, however, it was oll^[Ue, 
and occasionally horizontal. 


Pwloiu'/ji, 

The prothallus of this plant was looked for witkout SUCCM in 
Oeylcfti, both in the mountain region and on the roots at the hose of 
Oim palms near the coast In the localities visited on the irest eodit 
of the Malay Peninsula was not abundant. On 



Ophiogloosum petidiUum (£), cErt 40() 

Hilli in Perak, I fonnd it scantily on stems of tree-ferns, the rhizome 
growing among the roots of the fern, which cover the stem No 
young plants were found , but a single prothallus, embedded among the 
roots of the fern in close proximity to a plant of Pftdixtumj m'as 
obtained This piothallus, as will be OMdent from fig 3 and the 
description below, could only belong to Psahtimih or bo that of some 
species of Lfffvpothum, the gametophyto of which has nob been de¬ 
scribed From the position m which it was fonnd, the former suppo¬ 
sition IB the more probable one, but such evidence of association is of 
course not conclusive, tlte H/temmv ran ortlij y thsmbed m the 
rt/Psilotum tnth the resmnhm} alme 

The prothallus when fresh measured about oiie-quaiter of an inch m 
length by aliout three-sixteenths of an inch at the widest jiart, which, 
as fig 3 shows, is above The lower portion is cyhndncal and rounded 
below To one side near the lower end is a w ell marked conical pro¬ 
jection directed obliquely downwards, whi(*h clearly corresponds to 
the primary tubercle of the prothallus of Ltn^jimhum iemuvm The 
surface of the lowei three-fourths of the prothallus was brown and 
liore rhizoids The latter were alisent from the upper part, which 
widens out suddenly, the iiiciease m width being due to the projection 
of the thick, coarsely lobed margin of the summit of the prothallus 
The central region of the summit is smooth and somewhat depressetl 
The upper poi tion of the prothallus had a faint green tint when fresh, 
but no chlorophyll grams could 1>e detecled 
In the tissue of the overhanging margin the numerous sunken 
antbendia ocour, closely crowded together Arehegonia have not been 
observed on external examination 

In its foi'm this prothallus evidently presents resemblances to pro- 
thalh of Lympodiinn In the lower part it resembles the prothalli of 
the Lycopodtam rmmum type, while the appeal aiice of the upper 
portion suggests a companson with prothalli of L rhmtium or L annr- 
There seems no raoson to doubt that the uienstem will lie 
found at the junction of the upper and lower regions 
Probably this prothallus was completely embedded among the roots 
of the fern. As some of the roots had been removed before the 
prothalltts was noticed, this point w-as not definitely settled, but the 
gdlieral appearance of the upper portion, and the absence of assimb 
latmg lobes, makes it probable that the upjier surface was not exposed 

to tile light 

That the facts stated above bear on the relationship of the plants to 
which these prothalli belong will be obvious from the brief description 
given. The discussion of this will, however, be best deferred until the 
M[ aooount, which is in course of preparation, is completed. 
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“ The Mechauiem of the EltH*tno Arc ” By {Mrs) Hbutha 
Avbton Communjcated by Piofesflor Pkrh^, F.ILS 
Becenocl Jiuie 5,—I’ead June 20,1901 

(Al3»tiaiCt) 

llie object of the papet ih to show that, 1>y applying tho ordinary 
laws of resistance, of ho»iting and cooling, and of burning to the arc, 
considered as a gap in a circuit funnshing its own conductor bv the 
volatilisation of its ov n material, all its principal phenomena can be 
accounted for, without the anl of a largo back E M F, or of a negative 
resistance,’’ or of any othoi unusual attribute 


77w i^quhtni Iau*h Back EMF 

It IS shoiin how \olatilisation may begin, even without the self- 
induction to which the staHing of an arc, when a circuit is broken, is , 
usually attributed, and it is pointed out that, when tho cat lions are 
once sepalated, all the material m the gap cannot retain its high 
temperature The uir must cool some of it into carbon just 

as the steam issiung from a kettle is cooled into water mist at a short 
distance from its month The dissimilar action of the polos common 
to so many electric phenomena displays itself m the arc at this point. 
Instead of loth poles volatilising the posikm pole alone does It is 
considered, therdoie, that the aa consists of (1) a thin layer of 
carbon vapour issiung from the end of the positive carljon, (2) a bulb 
of carlion mist joining tins to the negative carbon, and (3) a sheath of 
burning gases, formed by tho burning of the mist, and the hot ends of 
the carbons, and surrounding both The vapour appears to be indicated 
in images of the arc by a sort of gap between the arc and tho positive 
carlion, tho mist by a purple bulb, and the gases by a green flame 

The flame is found to be practically insulating, so that nearly the 
whole of the current flows through the vapour and mist alone It is 
suggested that tho vapoui has a high specific resistance compared with 
that of the mist, and that it is to the great resistance of vapour- 
film that the high temperature of the crater is due, and not to any 
large back E M F, of which it is the seat. 4 

Volatilisation can only take place at the surface of contact between 
the vapour film and the positive carlxin When that surface is smaller 
than the cross-section of the end cl the carbon, it must dig down into 
the solid carbon and make a pit The sides of the pt, however, must 
be hot enough to bum away where the air reaches them, hmico there 
is a race between the volatii^tion of the centre of tho oarbon and die 
burninjg <rf its ados that determines the shape of the eathon. When 
the are is short, tho air cannot get so easily to the sides of the 
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pit^ hence It romainH concave When the arc le long, the hurmiig of 
the eidee ganis over the volatilisation of the centre, and the surface of 
V olatiliaatioii becomes flat, or even slightly convex 

The peculiar shaping of the negative carlxm is shown to be duo to 
Its up being protected fiom the air by the mist, and its sides being 
burnt away under the double action of radiation from the vapour 
fllm and conduction from the mist, to a greater or less distance, 
acooiding to the length of the arc ami the erona-soction of the \apour 
fllm 

It IS shown that if the ciatci bo dehned as being that part of the 
positive carbon that is fui brighter than the rest, then the crater must 
be larger, with the same current, the longei the arc, although the ami 
of the volatilisnig surface is for a constant current 

By considoiing h<iw the cioss-scction of the vajiour film must \aiy 
A\ith the current and the length of the arc, it is foinul that its 
1081 stance /, must be given by the formula 

h 

where /t, and m arc constants, I is the length of the arc, and A tlie 
current This is the same form as was found by measunng the IM) 
between the positne caibon and the uic by moans of an exploring 
earlion, and dividing the lesults by the correspoiuling currents Hence 
the existence of a thin film of high-resisting \apoiii in contact with the 
'Crater would not only cause a large fall of potential liotweon the 
positive carbon and the uic, exactly as if the cratei weie the seat of a 
large back K M F , but it would cause that P D to >ary with the 
cunont and the length of the an exactly «is it has liceu found to vaiy 
hy actual measuiement 

Th< Appffmii XegiUive Itemiance'*^ 

As nearly all the ciuTont flows through the vapour and mist, the 
^surrounding flame being practically an insulator, the resistance of a 
sobd carbon arc, apart from that of the lapour, must depend entiiely 
on the oross-soction of the mist To see how this vanes with the 
current, images of an arc of 2 mm were drawn, with the pniplo 
part—the mist—voiy carefully defined, for currents of 4, 6, 8, 10,12, 
and 14 amperes I^he mean oross-soctioii of the mist w^as found to 
Increase more rapidly than the current, consequently its resistance 
^uuniehes more rapidly than the current increases. As the formula 
for the resistance of the vapour film shows that it too diimnishes faster 
than the current increases, it follows that the whole resistance of the 
arc does the same, and that consequently the P D must dimiiush as the 
current increases. Hence if SV and SA be corresponding inoroments of 

2 G 2 
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PJ), and current 5V/5A must be negative, although the roaistanco of the 
aic IS poBitive 

It IS found, from the above measurements of the cross-sections of 
the mist, that the connection lietueen ru, the losistance of the mist, 
and the current, is of the form, 

a P 
“ = A+A-' 


If 1)1 vanes directly m ith the length of the a.i c, thi*n 



Adding this equation to (1), \^e get 




p + tfl s + fl 

A A- 


for the whole resistance of the arc, nhich is exactly the form that 
was found by clniding direct measuioments of the P D lietween the 
carbons by the corresponding ennents Hoiico there is no itjdson wh} 
this ratio should not represent the hue resistanc^o of the are 

Undfii nliut nicumsfanfe< SV/SA the Ttue JUmfame oj A)r 

When the current is changed it takes some time for the vapour 
him to alter its area to its fullest extent, and still more time for the 
carbon ends to change their shapes. All the time these changes are 
going on the resistance of the arc, and, consequently, the PD 
lietween the carlKins, must be altoiing also Both these, therefore, 
depend not only on the current and the length of the arc, but also, till 
oieiything has become steady aguiti, le^ till the arc is **normal’’ 
again, on how lately a change has been made in either At the first 
instant after a change of current, before the volatilising area has had 
time to alter at all, SV and 5A must have the same sign, just as they 
would if the arc w^ere a wire, but as the volatilising surface alters, the 
sign of W changes If, therefore, a small alternating ourrent is applied 
to the direct current of an arc, it will depend on the frequency of that 
ourrent whether SV/SA is positive or negative. When the frequency 
IS so high that the volatilising surface never changes at all, ^/SA 
will measure the true resistance of the arc, unless it has a back E M 1\ 
which vanes with the alternating current 

The measurements of the true resistance of the are made in this 
way by vanous expenmenters have given very various results, because 
probably the frequency of the alternating currents employed has \mn 
too low not to alter the resistance of the arc, A curve is draw^n 
showing how the value of SV /$A with the same direct current and 
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length of arc vanes Mith the frequency of the alternating cm rout, aiul 
It IS pointed out that even if the arc has as large a back £ M F as is 
usually supposed, the hue resistance cannot be measured nith an 
alternating current of lower frequency than 7000 complete Hlternatlon^ 
poi sec*ond 

The exact conditions nndei which the hue lesistance of the arc can 
be measured m this way arc cxaminerl, and the precautions that it is 
neccHSHiy to take to ensure the fiilfilnieat of these oonditious aic 
enumerated 


*Thf i tufnnhii<.d info thf Ilfe ttf fht iff /of tin I of 

(*fti hfftiH 

A coie tn cithei <ii Iwith cuHions has a gieat cfTcct on both the PP 
lietwccu the Laibons and the Juuiqf of P T) that acconquimes a given 
chimie current It lowers the hrst, and makes the second more 
]>ositive, / gives it a smaller negative oi laigei positive v^alue, as 
thf‘ (ase may bo It is pointed out that this might be due to the 
infliieiKc of coi'os either on the cioss section of the arc, <>i on its 
specific i*esistauce, or on both 

To see the effect on the cross-section, cnlnigod images were diairn 
of 2 mm alts with cun cuts increasing by 2 ampeies from 2 to H 
amperes, iietween foiu pairs of carlxnis, + solid - solid, + solid 
- oore<b 4* eciied - solid, + cored - cored Two sets of images 
woictlrawn with each pair of carbons—the one inmiediatoly after a 
change of current, to get the “non-iunmar^ change, and the other 
aftei the art had liecome normal again Ihe mean ciosa-secuon of 
the mist was calculated in each case, and its 11 oss'sectiou wheie it 
touched the cratei was tiiken to }>e a rough measure of the cross- 
section of the vapom dim 

It was found that the mean cioss-soction of the mist with a given 
current was hugest when both caibons were solid, loss vrhen the 
negative carbon alone was coied, less still when the positive alone vv'^as 
cored, and least when both weie cored Coring either the positive 
carbon alone, or Inith carlions, had the same effect on the cross-section 
of the vapour film as on that of the mist, but coring the negative 
alone only diminished this oross-sectioii immediately after a change of 
current, but not when the arc had become normal again Hence it 
was deduced that if tho cores altered the of the arc only 

they would xnrmm its resistance, and, consequently, the P D between 
the carbons As they Imm this, however, they must do it by lowering 
the specific resistance of the arc more than they increase its cross- 
section The vapour and mist of the core must iherefore have lower 
specific resistancas than the vapour and mist of the solid carbon 

Wlicn It IS the positive carbon that is coretl, all the va])out and nust 
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come from the roretf carhon 'When the*negative, they come from tbo 
vnmei! carbon, and it ib only becaitae the metallic salts in the tore 
ha^ 6 a lower temperattve of volatilisation than carbon that the mist ih 
able to volatilise these and so lower its ov^ n specific i^sistanco 

The effect of a core in either earbuii, or in lioth, must depend on 
the cuiTeut, because the larger the curient the moie solid carlion wilt 
the volatilising surface coier, and the less therefore will the 8pecifi< 
resistances of the mist and ^ apour be lowci er1 The way in which the 
core acts lu each case is trucecl, an<l the altorations in the specific 
resistances and cross-sections due to the core arc shown to bring alxnit 
changes in the F D exactly similar to those found by actual moaaurp 
ments of the P.D betn eon the carbons It is shown, foi instance, hon 
these changes entirely account for the fact established by ProfiKUior 
Ayrton* that, with a constant length of arc, nhilo the FD dhninishes 
continuously as the current increases, nheri lioth carlions are solid, it 
somotimes lemains constant over a wide range of current, oi e\eu 
mererises again, after haiing dimimshod, when tlie positiio car)>on is 
cored. 

The alterations in the \aluo of SV/^A introduced by the cores ate 
next discussed, and it is shonn that the changes in the resistance of 
the arcs that must follow the oliserxed changes in its cross-aection, 
coupled with the alterations that must ensue from the lowonng of its 
specific resistance, would modifj 8V,^A just in the wav that Messrs 
Filth and Rodgerst found that it was modified by direct measure¬ 
ment Thus all the principal phenomena of the uic, with cored and 
with solid carlKins alike, may Iw attiibutable to such yariatious in the 
specific resistances of the matonals ui the gap ns it has boon shown 
wyiff exist, together with the vanutions m the cross-sections of the arc 
that have lioen observed to take place Hence it is superfluous to 
imagine either a large back E M F oi a negative resistance 

* Klecfcrioal CongrehR nt Chicago, IHOd 

t “ Die Ro»iRlftnto of the Blcctnc Arc ” ‘ Phil Mag / 1896, toI U, p 407 



Sep&rt of MagKwhml at F&itiwulh Ohm^^atmy 415 


JReport of Magnetical Observations at Falmoutli ()l»8eiTtttoiy for 
the Year 1900 latitude 50° 9' O'' X, Lonffi tud<‘ 5° 4' W 
hei^lit, 167 feet above mean sea-le\ol 

The Declination and the llorieontal Force are deduced fiom hourly 
I'eodirigH of the photographic curios, and so are corrected for the 
4 lmriial variation 

The results in the following tables, Nos T, II, Ill, II', are deduced 
from the magnetograph curves, which have been standardised by 
observations of deflection luid vibratioji TliuHe u ei e made vi ith the 
Collimator Magnet, maiked CCA, and the Dechnonieter Magnet, marked 
C6c, in the ITmfilar Magnetometer No (>C, b> Whott Brothers, of 
London The temperature correction (which is piobahly veiy small) 
has not been applied 

In Table V, H is the nionn of the abftoluto \alueH observed dunng 
the month (gonorally three m number), unconectod tor duirnal vaiia- 
tions and for any (bsturluince Y is the product of U and of the 
tangent of the Observed Dip (uiicoiTC(te<l likevMso for diurnal 
\ anation) 

In Table VI the Inclination is the mean of the absolute observations, 
the mean time of which is 3 v M The Inclination was oliserved with 
the Inclinometer No 86, by Dover, of Charlton, Kent, and needles 1 
and 2, which are 3^ inches in length 

The Declination and the Horiisontal Force vulucb given in Tables I to 
IV are prepared in accordance with the suggostions made in the Fifth 
Keport of the Committee of the British Association on comparing and 
reducing magnetic observations, and tlie time gn en is Dreemvicb Mean 
Time, which is 20 minutes 18 seconds earliei than haal time 

The following is a bst of the days dimng the )eai 1900 which were 
selected by the Astronomer Royal as suitable foi the determination of 
the magnetic diurnal variations, and which have Iwen employed in the 
preparation of the magnetic tables — 


January , 

3, 8, 9.30.3! 

Febnun 

3, 

6, 7, 13, 28, 

March 

6. 11. 91, 27, 28 

Apnl 

8, 

8, 16, 22, 26. 

May 

9, 10, 14, 91, 28 

June... 

10, 11, 16, 20, 26. 

July 

14, 15, 18, 22, 30 

August 

6, 

9, 10, 23, SO 

September 

2, 7,21,26,26 

Octoliei 

2 , 

7, 13, 19, 31 

November 

6, 6, 11, 16, 80 

l)ecemljei 

3, 

6, 16, 28, 24. 
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Table I Hourly Moans of Declination at the Falmouth 
on Five selectod quiet Days in 


Vovn ,Mid 12 8 i 


7 . 8 I 9 I 10 11 

I ! 


1900 

Jan 

Feb 

March , 
Oct 

Nov ] 
Deo I 


SO 8' 80 9 I 81 2 31 I 31 5 31 3 < il 1 SO K 80 4 80 3 i 30 9 32 0 

80 3 ; 30 6 ' 80 5 < 30 7 30 H 30 5 30 1 29 8 29 9 29 9 I 80 4 31 2 

20 ‘61 29 7 I 29 6 ‘ 29 5 29 3 ' 20 O 2K 9 28 3 27 3 28 8 | 27 h 29 7 

27 4| 28 0 28*2 27 9 , 27 9 | 27 8 27 9 27 6 20 7 . 26 5 { 26 7 38 7 

25 3, 26 6 26 9 , 26 I , 26 0 , 25 8 25 6 25 2 24 7 1 24 4 I 25 5 26 9 

26 8! 27 1 27 8 27 4 , 27 4 | 27 3 27 1 26 9 20 6 26 *6 I 26 9 27 7 


Heanal 28 4' 28 6 1 28 8 28*8 ' 28 8 , 

I I I ' 



j 28 1 

27*6 

27 4 

28 0 

29 4 





/ 

87 0 

26 1 

25 8 

27*3 

30 1 

1 25 7 ’ 

25 4 

26 2 

28 0 

30 0 

8S 9 1 

25 7 

26 9 

27 6 

30 1 

' 25 7 ! 

25 1 

25 2 

26 1 

28 3 

1 25 9 

25 6 

1 26 6 

29*0 

31 8 

26 B I 

1 25 8 

1 26 8 

28 4 

31 3 

20 2 

I 

25 6 

1 26-0 

27 *7 

30 2 


* Mean of four 2nil, 7th, 181h, Slat 

Ta?>le II —Diurnal Inequality of the Falmouth 

- --- ^ - - I — 

Houte MicL 1 2 3 I 6 6 ! 7 , 8 { 9 10 j 11 

L 1 ’ L ' I . I 

Summer menu 

/ I / t \ t I j / / I / j / I / / I / 

-0<4,~0 4 >0 6 -0 6 -0 9 -1 S l-S 4 |-8 0 ,-8 0 Us 2-16 l-t-l 0 

_ _I J ' - > _ I I _ _ * _ 

Winter mean 


t 

/ 

/ 

/ 1 # ' ^ 1 / ’ / j 

* 

/ 

-0 0 

-0 4 

-0 2 

|-0 2 -0 2 -0 4 1-0 6,-0 9 

I'll 

-1*4 

-1 6 

t 

/ 

/ 

Annual mean 

^ f f * f \ t 

t 

“1 

-0 6 

-0 4 

-0 4 

-0 4 -0 0 -1 0 -1 5 -2 0 

_ 1 ) 

-2 6 
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Observatory, detonniued from the Magnetograph Cui*ve8 
each Month during 1900 


' 

Noon 

i 

1 

2 

1 

3 

4 

5 

e 

7 

8 , 

9 . 

10 , 

“ i 

Mid 







W mtor 







t 


/ 



f 

/ 

' 



t 

/ 

/ 

83 2 

34*0 

88 a 

32 b 

' 32 1 

32 8 

31 7 

81 1 

80 H 

30 7 

80 8 

30 8 

30 8 

32 6 

83 6 

38 8 

82 6 

81 r> 

31 0 

80 7 

80 6 

80 5 

80 1 

30 8 

80 4 

30 7 

S2*0 

38 7 

38 8 ' 

32 7 

31*0 

29 7 

29 4 

2*) 7 

29 7 

29 7 

29*6 

29*6 

29 8 

31 5 

32 8 

32 4 

Jl 1 

29 4 

29 0 

28 6 

28 4 

38 8 

27 8 

27 8 

27 7 

28*0 

28*0 

28 3 

27 5 

28 4 

26-0 

25 9 

25 G 

2S 4 

21 2 

25 1 

25 1 

25 1 

K 4 

28 6 

28 0 

2H <3 

27 3 

27 5 
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Table III —HourU Means of the Honzontal Ftnrce at Falmouth 


&■ 18000 -f (CCtS umU) 


on Five selected quiet Days in 
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Mid. 

1 

2 i 

3 

4 

6 

1 

" 1 
1 

7 


9 

10 
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itsk ss 
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670 

1 

1 

671 ! 

671 
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674 

070 

677 
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669 
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feb 

072 

672 

872; 
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67.'i 
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675 

074 

678 

669 

803 

062 
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079 

680 

679 1 
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679 

078 
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676 

666 

662 

657 

<K)ct. .. 
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606 

094 1 
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098 

699 
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878 

672 

Hot* . 

706 

700 
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708 
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060 
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0*90 
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Taldo IV - -Diurnal Inequality of the Fahnouth 
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OhE»ervAtor>, detornuncKl from thu Mngnotograph Curves 
each Month dnniig 1900 
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Honzontal Force m doducod from Table III 
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Table V —Magnetic Intensity Absolute Observations. 
Falmouth Observatory, 1900. 


lUOO 

OGS meaaui*o 

Hor 

llorironta] foiN^e 

V or 

l^erticnl force 

Jiuiuarr 

February 

March 

Ap' )1 

Mft> 

June 

July 

Auguik • 

Sci)>iembor 

October 

November 

UewmU r 

MenuH 

0 isr>h6 

0 18660 

0 18661 

0 18676 

0 18677 

0 18682 

U 16686 

0 18681 

0 18696 

0 18683 

0 18096 

0 18690 

0 48503 

0 4.8474 

0 4847b 

0 13508 
0*43500 

0 43463 

0 13468 

0 43460 

0 43495 

0 484H9 

1 0 48499 

1 0 43486 

0 18680 

0 43485 


Table VI -Magnetic Inclination Alisohito 0)>sor\ationa 
Falmouth Observatory, 1900 



Month 

Moon 

|| 

Month 

Mran 

Juuimi \ 

10 

o 

66 

46 

8 

July 

10 

6& 
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24 

66 

46 

6 

20 

66 

44 4 


31 

66 
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7 1 

1 
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66 
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66^ 

44 0 
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66 

45 

»i 
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12 

66 
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66 

46 

6 1 

26 

66 

44 8 


28 

66 

40 

0 

1 

31 


45 0 
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40 
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44 4 

March 

JO 

66 

46 

G 
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66 
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21 

60 

46 
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44 3 
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66 

46 

2 
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8 

66 
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10 

66 

47 
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66 
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66 

46 
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28 

06 

46 
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30 

®L 
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66 

46 
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66 

46 1 
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10 

1 66 

47 

2 

1 NoremberlO 

66 
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21 

1 66 

46 
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21 

66 
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30 


4 


28 . . 

66 
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45 

S 
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1 
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06 

44 

a 
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66 
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20 ! 

66 

43 

•6 


19 

66 
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29 

?L 
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66 

44 
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THE MtlOHAI PHYSICAL LABORATORY. 

Report on the Observatory Department fo^ the Year 
ending December 31, 1900, 

The work at the Kom OI)fter\ atory iii the OW Dooi Park at liichmondt 
now forming the Oh8er\atoi> Department of the National Ph\8ical 
LalK)^ato^ 3 ^ hae been continued during the year 1900 aa in the past 
Thia work may be cousulencl undei the following hcitds - 

I Magnetic obaenationa 

II Meteorological oliset^ atioiia 

III Seiamological oltaervationa 

IV Kxperimenta ami Ileaearcheft in connexion with of the 

departments 

V Voiification of instruments 

VI Bating of Watches and Chronometeis 
VII Aliscellaneons 

I MAONIHC OBbERVATlONS 

The Magnetographs have boon in constant opeiatioii throughout 
the yem, and the ufludl determinations of the Scale Values weie made 
in Janiuwy 

The ordinates of the \aiiou8 photographic curves representing 
Declination, Honzoutal Force, and Vertical Force wore then found 
to be OB follows — 

Declinometer 1 cm » O'* 8' 7 
Bifilar, Januar^^ 1900, for 1 cm - 0 00051 CDS unit 
Balance, January, 1900, for I om* 5V = 0 00049 C G S unit 

The distance between the dots of light upon the vertical force 
cylinder having become too small for satisfactory registration, the dots 
were separated on June 20 by slightly altenng the position of the 
zero imrroi 

The curves have been quite free from any large fluctuations, indeed, 
no unusual disturlianco has been registered foi some time past* The 
pnncipal vanations that were recorded during the year took place on 
the following days *— 

January 19th-20th, Mainsh 8th-9th and 13th, May 6th 
The hourly means and diurnal inequalities of the magnetic elements 
for 1900, for the quiet days selected by the Astronomer Roj’'al, will be 
found in Appendix I. 
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Tli/c NatuyiuU Phymml 

A concotioii luiB been applied for the dnmiul vaimtion of tejiipeni- 
tiire, iise bemg made of the records from a Biehaid thermogi'aph as veil 
as of the eye ohservatioiis of a thermometer placed under the Vertical 
Force shade 

The moan Aalues at the noons preceding and succecihng the selected 
4 |Uiot days are also gnen, but these of course are not employed in 
i alculatiug the daily means ot inequalities 

The following are the mean results for the entire year — 

Mean Westerly Decimation 16" 52' 7 

Mean Horizontal Force 0 C (I S unit 

Mean Inclination C7 J T 8 

Mean Vortical Force 0 43831 C G S unit 

Observations of alisolute dechnatiou, horizontal intensity, and inch* 
ihition have lieen made weekly as a rule 

A table of recent values of the magnetic elements at the Obsemi- 
tones whose publications are received at Kew will be found in 
Appendix 1 a to the present Report 

A course of magnetic instmctioii was given to Captain Denholm 
Frasei, UE , chaiged with a magnetic survey of India, and facilities 
were afiordcd him for making expeiiments i\ith a Mew to improving 
the lustrumeutal outfit for the survey 

A new magnetic hut was erected early m the yciii by Mr Eldndge 
It 18 larger and better lighted than the old hut, and has pioved very 
useful 

II MblbOHOLUOlOAL 0»HKH\AllONh 

The several self-recording instniments foi the continuous registra¬ 
tion of Atmosphonc Piessuie, Temperature of Air and Wet-bulb, 
Wind (direction, pressure and velocity), Bright Siuishine, and Kam 
have been maintained in regular operation throughout the year, and the 
standard eye observations for the control of the automatic records 
have been duly registered 

The tabulations of the meteorological traces have been regularly 
made, and these, as well as copies of the eye oliservations, with notes 
of weather, cloud, and sunshine, have lieen transmitted, as usual, to the 
Meteorological OlBce 

With the sanction of the Meteoi-ological Council, data have been 
supplied to the Council of the Royal Meteorological Society, the 
Institute of ]^flumg Engmeers, and the editor of * Symons' Monthly 
Meteorological Magazine' On the initiative of the Meteorological 
Offioe, some special cloml observations have been made in connection 
with the International scheme of balloon ascents 

Ekc^iograph, —This instrument worked generally in a satiafaotoiy 
maimer dunng the year. 

The small gloss beaker mentioned m last yeai’e Eeport is stiU 



Ikport an tfic (^i^vnton/ 4i& 

employed, and by rotnoviiig the stilphtine ivcid at regular penode*-^ 
generally fourteen or fiftoon days—the troubles previously experienced 
Mith the “setting’’ of the needle and nith the shift of zero has been 
largely overcome 

Xo systematic use has lieen made of the thii ty-six Clark cells men¬ 
tioned in the 1898 Keport, but they ha\e been employed to check the 
scale values of the two ))oi Uible electrometers 

Bcale-\aluo determinatioiib of the elect! ograph weie made on April 2, 
July 14, and October 25, and the potential of the liattery has been 
tested weekly Forty cclh only have been employed during the j^ear, 
giving about 30 \ults 

With a view to promoting uniformity in pxocaiurc, the Supenn^ 
tendont, at the suggestion of the McteoiulogiCfil Office, had an inter¬ 
view with Mr C T R Wilson, F R S , and Mr W. Nash, of Greenwich 
Observatory, who \ieie shown the electrogiaph arrangements and the 
means adopted for standardmiug the cu^^eB The stoppage this 
entailed in the wot king of the instmineiit was utilised in giving it a 
thorough cleatimg A new bihhir suspension wvis also fitted to the 
needle, and the wire leading from the can to the clectiomctei was 
bedded in paraffin w^ax in hopes of impro\ ing the insulation 
In^jjeetum —In compliance with the icqiiest of the Metooiological 
Council, the following Obsetv atones and Anemogiaph Stations ^ve 
Ijeen visited and inspected --Xoith Shields, Glasgow, Aberdeen, 
Alnwick Castle, Deeriiess (Orkney), Falmouth, and Fort William, by 
Mr. Baker, and Kadtliffe Obser^vatoiy (Oxford), Stonyhurst, Floet- 
M'ood, Armagh, Dublin, Valencia, and Yarmouth, by Mr Constable. 

Ill SErSMUJLOi,lCAb OBHKRV4TIQNS 
Professor Milne’s “ unfelt tremor ” pattern of seisnic^raph has been 
maintainerl in regular operation throughout the year] particulars of 
the tune of occurrence anil the amplitude m seconds of arc of the 
largest movements ore given in Table I, Apjiendix III 
*^6 “ disturbance ” on January 20 was paiticularly noticeable 
The movement was the largest that has yet been fully recorded at 
the Observatory, the maximum amplitude Iwing 15 mm , or 12 6 seconds 
of arc The next largest disturliance was on Octobei 29, with a maxi¬ 
mum of 12 mm, or 9 5 seconds of arc 
The action of the boom was not altogether satisfactory during 
August and September, and oti Septomboi 27 the old boom was 
replaced by a new one of standard pattern The balance weights are 
at 117 mm and the tie at 127 mzn from the cup end of the boom. 

The point of the bearing pivot on the stand was also improved. 

A detailed hat of the movements recot ded from January 1 to 
December 31, 1900, was made and sent to Pi'ofessor Milne, and will 
be found in the * Report’ of the British iVsBOciation for 1901, “ Sei8m(h 
logical Investigations Committee’s Report,” 



The Katioiuit Fhymeal LahomUmj 

Ihinng October u Milno floifltnograph, No 31, intendacl to be set up 
Ht the Umversity Observatory, Coimisra, was fitted up in the seismo- 
gra|A room, at the same height and in the same N —8 direction as the 
Kew Instrument, and a senes of comparisons Mere earned out till the 
end of the year Several interesting features wore noticed, and the 
1 enults hai e been omlKnlied in a pajier by the Supenntendent 

lY ExpvKiMfMAI Work 

Fug and Mwl —The obsor\atioiis of a senes of distant objects, 
referred to in previous * Itepoits,' liai e lK*eu continued A note is taken 
of the most distant of the sidected o>>jects which is visible at each 
otmervation hoiu 

AUno»ph&i‘ic Ehiinniu —The (.omiiansons of the potential, at the 
point where the jet from the wutoi-dropper breaks up, and at a fixed 
station on the Obsenutor> Iumii, i*eferr6d to in lust year’s *lieport,’ 
have lieon continued, uiid the oliscrvations have boon taken since 
Match on eveiy day Mhcii possible, excluding Sundays and wet days 
The ratios of the “ cur%o ” and the fixed station ” readings have lieon 
computed for each oliservation, and these have thrown considerable 
light upon the action of the self-tocording electrometer, especially with 
reference to its insulation Some diiect experiments have also lieen 
made on this point 

The reservoir holding the supply of water for the water-dropper of 
the self-recording electrometer is supported upon six large Mascart ” 
insulators, and it was thought that perhaps this system of insulating 
the tank could be impioved upon 

A quantity of fine pamfiin mhx, with a high melting pouit, Mas 
procured from Price's Candle Company, Limited, in rectangular blocks, 
and a number of cylinders of sidphur Mere cast at the Observatory 
Three similar water tanks were supported upon three wax blocks, 
three sulphur blocks, and three Miiscart insulators respectively* Each 
received a similar definite charge, and the rate of loss of charge was 
observed* 

The observations—which arc to be regarded only as preliminary— 
extended through May, June, and July, under various hygrometnc 
conditions The sulphur and paraffin when new and clean gave much 
the beat values, but after the lapse of a few weeks the rate of loss 
became very similar for all three species of insulator. The deteriora¬ 
tion was apparently due to accumi^tion of dust, &c The provision 
of a hood or cover to the sulphur and paraffin blocks would u^idoubtedly 
improve the permanency of their insulating qualities* 

FWmum Tkemmufh'y —The paper by the Supenntendent, referred 
to in last year’s Keport, has been published in the Royal Society^s 
^Proceedings,’ vol 67, p. 3 



V. Vemhoatiom (O' iNBiBumom 

Tlie nubjoinod is a lutt of the inatmments examined ui the year 
1900, compared with a corresponding return for 1899 i-~- 

19 umber teefced in the veer 



finding Deoembfir 81. 


im. 

1900s 

Air-metcni 

6 

9 

Anemometers 

23 

1 

Aneroids . 

176 

197 

Artificial honaons 

9 

27 

Barometers, Marine 

92 

139 

„ Standanl 

86 

57 

„ Station 

t 15 

23 

Binoculars 

404 

963 

Compasses 

43 

51 

Deflectors * 

6 

1 

Hydrometers « 

241 

178 

Inclinometers . 

9 

17 

Hiotographic Lenses 

ICO 

136 

Magnets 

3 

1 

Telescopes 

561 

1,345 

Kain Gauges . . 

19 

4 

Kain-measunug Glasses 

44 

29 

Scales . 

— 

1 

Sextants .. 

876 

818 

Sunshine Recorders 

6 

3 

Iheodobtes. 

34 

13 

Th^ometers, Avitreons or Imnusdi’s 6 

— 

„ Ohnioal 

. 16,030 

20,476 

„ Deep sea 

19 

83 

„ High Range . 

62 

40 

„ Hypsometric. 

39 

66 

„ Low Range . . 

103 

36 

„ Meteorolngioal 

2,893 

3,786 

„ Solar radiation 

• « *4 

3 

„ Standard .. 

104 

61 

«•««*•¥ •• ** 

. . 6 

5 

Vertictl Foroa Inatriunenta . 

. . 1 

14 

DadUneawters.. . 

w * * 

1 

Total . 

. ... Hm 

37,669 

Du|]kMe eopiaa of eorrsctrans have bean nqpipiMd m DO 

cases. 

V0L. Ltvtn, 


2 H 






42 d Neekmaf l^ytleei hfAor^et^. 

W numbev d matrumente rejected in 1899 end 1900 m aceoont d 
excessive error, or for other reesoiu, was as foUowa — 



laoo 

uoo 

Thermometers, clinical 

14d 

116 

„ ordinary meteorological 

78 

79 

Sextants 

151 

12'2 

Telescopes 

49 

lie 

Binoculars 

21 

31 

Tanous 

14 

28 


' Four Standard Thertuometeis have been consti acted during the 
year. 

Theie were at the end of the j’ear in the Obeeivator;^, undergoing 
venficKtion, 16 Barometers, 285 Thermometors, 15 Sextants, 260 Tele* 
scopes, 30 Binoculars, 2 Hydrometers, 4 Kani Measores, 2 Bam Gauges, 
and 4 Umfilar Magnetomoteis 

VI. Batino or WatciIkk and CHRONOMKrute 

The number of watches sent for trial this year is sh^tly lees than 
in 1899, the total entries being 403, as compared with 469 in the pre¬ 
ceding yeai 

The "especially good” class A certificate was obtamed by 96 
movements. 

nds u a marked increase on the number obtdned in 1899, and the 
general performance has been decidedly better 

The following figures show the percentage number d watches 
obtamuig the dutinctioa " especially good,” as compared to the total 
number olitainmg class A certificates — 

Vmt. 1H06 1806 1807 1806 1800 1060 

Percentage " especially good ” 16 6 30 0 28 0 22 1 26 6 35*4 

The percentage is thus higher than in any previous year 

The 403 watches received were entered for tnd as bdow 

For class A, 820, class B, 60, and 23 for the subsidiary tnal. Of 
these 21 passed tiie subsidiary test, 55 failed from vanous oansee to 
gam any oertifioate, 60 were awarded dasa B, and 277 d—« A certifi- 
oates. 

In Appendix II will lie found a table givmg the reeulte d trial d 
the 51 watofaes vHiieh gamed the hij^est number d 
the year. The hii^est place was taken by Mr. A. £. Itidlaodsr, of 
Goventry, with the keyleas gomg-barrel Kurusel lever watdb Ko. 
26,583, u^ioh obtamed 90*1 marka out d a taawbimtin q{ joO. 

Ihm b the fiiMt Ikigliah lever wateh to iWMii the 90 lUMhii Bidtk and 

Hs perfonnsnee is the best since 1892. 

JfaHtts the year, 53 dtMmoiMtast 
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entered for the Kew A tnal and 1 for the B tnal Of these 44 gained 
A certificates, 1 a B certificate, and 9 failed 

The mean-time chronometer Arnold 86, and the hack chronometer 
Molyneux 2123 have been cleaned and le-timed 

VII MlHC’ELLAXBOirK 

Comnmstmis —The work under this heading hag been of a very 
varied charaoter during the yeai The following instruments have 
been procured, examined, and for^^arded to the vanous Observatonos 
on whose behalf they were purchased — 

For Lisbon and Portuguese W Africa, a transit theodolite, a 
doclmomotei, a dip circle with two needles, a centre-seconds 
watch, and two chronometers 

For Mauritius, u Mason’s hygrometer, an oidinary maximum and 
two solar maximum thermometers 

For the Central Physical Observatory, St Petersburg, and the 
Baron Toll Expedition A dip circle with six needles, two 
prismatic compasses, two aneroid barometers, a ItoYnnson cup 
anemograph, a chronometer, and a deck watch 

For do Blit (Utrecht), a vertical force magnet 

Paper —Prepared photographic paper has lieen supplied to the 
Observatones at Hong Kong, Mauritius, Lisbon, Toronto, St Peters¬ 
burg, Stonyhurst, Oxford (Badclifib), and through the Meteorological 
Ofhco to Aboideen, Fort William, and Valencia 

Photographic paper has also been sent in quarterly instalments to 
the India Office for use at Golaba (Bombay), Calcutta, and Madras 

afui Stmshw^^ Sheefe have also been sent to Hong Kong, 
Mauritius, and St, Petersburg, Papier Saxo to Coimbia, and Seismo¬ 
graph rolls to Mauritius 

Pendahim OhsermHons —In Juno, Mr Putnam, of the U S Coast and 
Geodetic Survey, swung half-second pendulums in the wooden room in 
the basement 

lAbrwry —Dumg the year the hbraiy has received *publicationB 
from— 

19 Scientific Societies and Institutions of Great Britain and 
Ireland, 

96 Foreign and Colonial Smentiflc Establishments, as well as from 
several private mdinduals. 

The card catalogue has been proceeded with, 

de ,—Ike aooounte for 1900 have been audited by Messrs. W 
B. Keen and Co., chartered accountants. The balance sheet is ap¬ 
pended. 


2 H 2 
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PBBfiONAL EsTABUSHHKNT. 

The ataflf employed » as follows — 

K. T Glttsebrook, Sc D, F US, Director of the Laboratory 
C. Ohroe, ScD, FES, Superintendent of the Observatory 
Department. 

T W Baker, Chief Assistant 
B 6. Constable 

&»ninr AfiaifltjLnfjt in the OliBfiivatorv 


J Foster 
T Gunter 
W. J. Boxall 
G. E Bailey 
E Boxall 
G Badderly 


Senior Assistants in the Obseivator}^ 
Department. 


^Junior Assistants. 


Eight other Assistants 

A Caretaker and a Housekeeper are also employed. 

In addition to the above, Dr J A. Barker has been employed in the 
capacity of an Assistant in the Laboratory 

(Signed) E. T. GLAZEBEOOK, 

Jhrector, 

List of Instruments, Apparatus, &o, the Property of the Ifational 
Physical Laboratory Committee, at the present date out of the 
oostody of the Director, on Loan 


To wham lent 


Exsouton of 0 J 
Bymans, F B 8, 

The Smenoe and Ait 
Department, South 
Kenarngfeon 

Professor W Gr^Us 
Adams, F B.B 



PoTiuble Transit Instrument. 


Lord Boylei^, F B S 

Hr F Baraoohl 
(M^boome Dm* 
verrit^) 


Xbe BorchfreTjiik* 
KSwnes Aittarotio 
ftipaclituni* 

0TB Iff ikon, 

FJU. 


Artaoles speosfled m the list in the Annual 
Beportfor 1893..... . 


TTnifilor Magnetometer, by Jones, No. 101, 


Pur B-mch Dip Needles with Bor Magneto... 

Standard Barometer (Adie, No. 65$). 

UmBlor Magnetometer, by Jones, marttsd 

NABC. complete..... 

Dip Ginde, by Barrow, with one pair of 

Needles and Bor Magnets.. 

TripodSluid ... 

Dip Girele, by Barrow, No, M, with few 
NeedlesondBar Magneto. 


Etoetrograaos for 189? 
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APPENDIX I. 


Maonetical Obseuvations, 1900. 

Made at the Kew Ob8ervator5% Old Deer Pork, Rich¬ 
mond. Lat 51® 28' r," N and Long. OM*" 15“ 1 W 


The results given in the following tables are deduced from the 
magnetograph curves which have been standardised by observations 
of deflection and vibration These wore made with the Collimator 
Magnet K C I and the Declinometer Magnet marked K 0 90 in the 
9'mch Unifilar Magnetometer by Jones 
The Inclination was observed with the Inclmometer by Barrow, 
No 33, and needles 3^ inches in length 
The Declination and Force \alue8 given m Tables I to VIII are 
prepared m accordance with the suggestions made m the fifth report 
of the Committee of the British Association on comparing and 
reducing Magnetic Oliservations 

The following is a list of the days during the year 1900 which 
were selected by the Astronomei Koyal, as siutable for the deter¬ 
mination of the magnetic diurnal inequalities, and which have been 
employed in the preparation of the magnetic tables — 


January 

3, 

8, 9, 30, 31. 

February 


6, 7, 13, 28 

March 

S. 

11, 21, 27, 28 

April 

3, 

8, IS, 32, 26 

May 

. 9, 

10, 14, 21, 28. 

Jiuio 

10, 

11, 16, 20, 26 

July .. . 

14 . 

15, 18, 22, SO. 

Auguat 

fi, 

9, 10, 33, 30 

September ... 

2, 

7, 21, 25. 26 

October 

M. 9. 

7, IS, 19, 31. 

November 

5, 

6, 11, 16, 30. 

December 

3, 

6, 15, 23, 24. 
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Table I —Hourly Means of the Deeluiation, as determined fiom ttw 


1 

Hours 

Preceding 

noon 

Mid 

1 

2 

3 

4 

6 

Wi 

6 

7 ' 

t 

« 1 

t 

9 

10 

11 


(16* +) West 


ntor 






1900 










) 




Hontlis 

/ 

/ 

/ 


t 

# 

* 

/ 

/ 

/ 1 


/ 

/ 

Jvi , 

86*7 

64*1 

64 1 

54 4 

54 6 

64 4 

64 8 

64 2 

64 0 

68 6 

68 8, 64 4 

66 7 

F«b 

67 1 

64 0 

64*3 

64 6 

64 5 

64 5 

54 3 

64*0 

53 9 

54 0! 54 li 54 0 

66 6 

Mttroh 

87 5 

68 3 

63 4 

68 4 

68 1 

52 9 

62 8 

52 5 

51 B 

60 9 

50 8 

62 0 

64 a 

Oot 

66 0 

51 0\ 

51 2 

81 8 

61 2 

61 1 

81 0 

60 0 

60 2 

49 3, 

48 8 

60 0 

52 6 

Kot 

54 2 

50 6 

60 0 

61 1 

61*1 

61 1 

61*0 

60 7 

50 4 

49 9r 

49*9 

61 8 

62 8 

Pee 

62 1 

60 0 

60 3 

60 3 

60 3 

60 4 

60 3 

6oa 

60 0 

49 8, 

40 8 

50 5 

51 4 

Means 

66 4 

62 2 

52 4 

52 5 

62 5 

62 4 

1 

52 3 

62 1 

1 

61 7, 61 2 ' 

1 

51 2 

52 1 

68 7 






Summer 









# 

/ 

* 

$ 

t 

t 

* 

f 

/ 

. 1 

/ 

* 

t 

April •• 

67 0 

m^vWi} 

63*0 

62 8 

52 8 

62 4 

52 2 

81 fi 

60 6 

49 8 

49 0 

51 5 

64 6 

'iby .. 

67 1 

62 4 

52 6 

62 i 

51 9 

61 8 


1 49 4 


49 4 

60 1 

52 8 

64 8 

June, 

60*1 

62 4 

62 3 

62 1 

62 0 

51 6 


. 49 9 

49 4 

49 6 

60 2 

62 1 

64 9 

^ttly«• 

67 0 

62 2 

62 8 

62 1 

61 8 

51 2 

49 8 

49 4 

49 3 

49 4 

60 0 

51 0 

63 4 



51 6 

51 6 

61 4 

51 8 




48 8 

60 2 

58 6 

65 8 

Bept. 

67 2 

51 4 

51 3 

51 2 

mm 



48 8 49 7 

62 2 

548 

Means 

86 8 

j 52 2 

52 2 

58 0, 61 8 

51 4 

60 7| 50 o| 49 3 

» 

49 8 

..., 

60 0 

rst 0 

64 6 


Table II —Diurnal Ineqnabty of the 


Qours 

Mid 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

lie 


.... 

_ 

■■ 

“ 

t _ 

Bummer Means 

~ - 

- -- 

— 




-0 6 

/ 

-0 6 

-.'7 


» 

-1 8 

9 

-2 0 

9 

-2*7 

-8 4 

•^3 4 

« 

9 

-0*7 

9 

+ 1 9 






Winter Means 







/ 

-0 6 

/ 

-0 4 

t 

-0 8 

t 

-0*8 

9 

-0 4 

9 

-0 5 

9 

-0 7 

/ 

-1 1 

/ 

-l*5 

9 

-1*6 

-.0*9 

i 9 

♦0*9 






Annual Means 







g 

g 

Q 

# 

-0 6 

fl 

B 

* 

-2 2 

■** 

g 

9 

-0*7 

9 

•el 4 


Nora — •When thengn ]« •¥ tbenacnet 
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Ddeotod quiet IhiijB m 1900 (Mean for the Tear » 16* 62'*7 West ) 


9 10 11 Uid 

noon 


Winter 


2 , 8 




Summer Means 




/ 

*f4 6 

/ 

8 

/ / j < ) / 1 / 

44 5 48 0 41 4 |40 8 i-O-S 

1 ' t 

/ 

-0 8 

/ 

-0 4 

/ 

-0-8 

j 

/ 

-0 4 

-0*4 

-0*6 

Winter tf entis 



4-8 4 j 

+ S 9 

48 ^ ^ 1 

\ ^ 

+ 0 8 

-0 1 1 

i 1 

-< 





Annual Heans 


f 

/ / 

' ! ' i ' 

•f8*4 

*(•4 1 +84 

48 1 |41 0 j40 a 


to tho wett of its moan position 

M oust It It 
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Table III ~Bourly Means o( the Homontal Force in C.G.B units (oorreeted 

(The Mean for the 


Hoari 



405 425 

425 

425 

400 422 

422 

419 

421 416 

435 

433 

425 44 « 

442 

441 

421 437 

428 430 

436 

438 

435 

436 

417 434 

1433 

432 


434 { 433 432 432 433 . 4 S 0 > 427 423 418 412 > 409 I 411 


Table IV.—Diurnal Inequalitj of the 


««W| Hid. ^ I * I * I ♦ I * 1 •• 1 7 j B. 0 I 10 ; n. 

Swnniar Mauia 

+ *00006 •00004 + 000wj+ 0000»j+•OOOOoU *000021-i«)601^^ OOOloj-'OOOlT'-'00010 |-•000W 

Winter Mean* 


j l+'OOOOlU 00001 +*(KH)01j+*00002 + *00002+ 'O00 m|+KK>0O»V 00(^ 'OODOoU OOOOoI-*00010<0011 f 


Annual Meana 

+ *00008 + *00001 + OOOOS + *00002 + *00002 + <0002!+ *000011- *00001 — OOOOftl- *0001j|— *00010 I- <0014 


Kon -WfwA du alga ti 4 * «lw 
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foi Tempeialiiiro), as deteimintiil from the selected quiet Days in 1900 
Year = 0 43811 ) 


Noon 


10 


11 Mid j 


Hutceeding 

noon 


Winter 


841 

844 

84» ' 

1 

' 846 

844 ' 

I 

1 

' 844 

845 

1 

845 

1 

j 

844 

1 

1 1 

844 1 

843 

H43 

1 

1 843 

840 

827 

820 

H3.1 

1 8:i6 

835 

835 

834 

8)3 1 

1 833 

832 ' 

832 

881 i 

1 881 

828 

R41 

8>12 

84.7 i 

I 852 

8*54 ' 

855 

851 

854 

854 

853 1 

853 

852 1 

1 862 

839 

883 

1 m 

HJO 

1 844 

847 

847 

847 

817 

848 

847 1 

848 1 

847 i 

1 847 ! 

! 883 

818 

818 

8!i2 1 

1 822 

1 821 ' 

820 ' 

' 821 

822 

H2l 

1 820 1 

820 1 

810 

819 

814 

800 

8(M 

805 

806 

! , 

805 

805 

805 

805 

805 ' 

_1. 

805 1 

804 

804 

802 

8.ib 1 

1 820 

832 

1 

8»4 

1 1 

834 ' 

831 

834 

831 

834 , 

, 833 1 

833 

8)3 

838 

825 


^utiiiiur 


838 ! 

842 

817 

852 ! 

1 1 

1 855 1 

1 857 i 

I 850 

1 858 

857 1 

1 8SI> 

Hoh * 

' 855 

864 

832 

819 

824 

831 

835 

840 { 

841 ! 

! 843 

1 843 

842 , 

S41 , 

, 840 

839 

889 ' 

820 

828 

823 

829 

832 

836 

840 ' 

842 

' 843 

84.3 

H41 ' 

841 

840 

830 1 

823 

818 

822 

825 

833 1 

838 1 

1 842 

812 1 

1 842 

841 1 

! 841 

840 

839 

838 1 

826 

778 

778 

783 

78') 

7')2 

795 1 

79*. 

, 704 

794 

703 , 

1 703 

792 

701 , 

771 

821 

820 

832 

838 

841 < 

811 

830 

I 

839 

810 

1 830 

839 

887 ' 

838 

817 

819 

824 

830 

1 834 

1 

837 

[ 837 

1 817 

1 830 

835 

1 

8.15 

' 

HU 

883 

815 


Kew Vortical Force as deduced from Table V 


Nooo 1 1 

* 

3 4 6 

i 1 1 

C ' 7 J 8 0 1 10 11 

( ' 

Mid 



Summer Means 


« ooouj -*00011 

- 00006 

~ 00001 -(• 00001 + 00006 

+ 0000e[+ 000061+ 00006j+ 00006'+ 00004^+ 00004 

+ *00003 



Winter Meane 


'■’7 “ 

- ooooej- oooos 

j 00000 1 

+ 00003 + *00008 •f 00002 

4- 00002|+ OOOOS' +*000021 + *00002 +‘0()(^ 00001 j + *00001 



Annual Meant. 


- 00010 - *00007 

- ooooaj 

•f 00001 + 00008 + 00004|4' OOOOtU 00004^+ 00004|f 00008 + *00008 + 00002|4 *00002| 


2 I 


mdlan >• •&(>*• tilt neu 

VOt. LXVin. 
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Table VII —Hourly Means of the Inclination, calculated ftom the Horizontal 


Hours 

Proredmg 

Mid 

1 


noon 





07“ 


1000 


1 

1 / 

Months 


/ 


Jan • 

13 5 

13 1 1 

il3 2 

; Feb 

18 3 

12 8 

12 7 

March 

13 4 

12 9 

12 0 

Oot 

12 2 

11 2 

11 3 

Not .. 

10 8 

10 6 

10 5 

Deo. • 

10 1 

10 0| 

10 0 

' Means •. i 

12 2 

TTs; 

n 8 


l(» 


11 


Wnitor 


I 


13 1 U 1 
U 7,12 G 


12 0 
11 2 ' 
10 bi 
10 0i 


12 9 
11 2 


H O 
12 G 


12 0 12 H 12 71 12 9 
12 r> 12 4'12 5 j 12 6 


12 0112 8,13 0 


11 1 i 10 0 


10 r» I 10 5 {10 5 

10 0|10 0,10 O 


10 0 
10 5 
10 0 


18 0 
11 I 
10 6 
0 9 


13 2 

n 6 
10 8 
0 0 


11 8 III 7 n 7,11 elXI 6i 11 el 11 h 

- ' _ -1_ ' ' 
Summer 


13 2 
12 8 
13 7 
12 2 
11 1 
9 9 


13 6 
13 0 
U 0 
12 6 
11 2 
9 8 


12 1 112 4 


1 


13 Gi 

13 ] 

14 1 
12 5 
11 1 
10*0 


12 4 






r 1 / 

' 

/ 

/ 

' 



f 

t 

13 G 

12 7 

12 7 

12 7 12 7 

12 e 

12 7 

12 7 

12 G 

12 0 

18 3 

13 8 

18 7 

18 4 

12 5 

12 > 

12 7112 I. 

12 7 

12 9 

13 2 

13 t 

13 0 

13 7 

18 3 

13 1 

11 9 

11 4 

11 1 

11 6 11 6 

11 4 

ll 4 

11 7 

12 0 

12 3 

12 7 

IS 0 

12 9 

n 7 

10 7 

11 0 

11 0 11 1 

11 1 

U 1 

11 3 

11 G 

11 9 

12 8 

12 4 

12 1 

10 8 

10 2| 

10 2| 

10 8|10 2 ! 

10 4 

10 5 

10 7 

11 1 

ll 6 

11 8 

a 5 

a 0 

11 0 

11 2 

11 s! 

1 

11 4111 4 

11 4 

11 6 

11 7 

12 0 

12 3 

12 G 

12 6 

12 3 

12 2 

11 6 

11 6! 

! 11 0 j 11 e 

'll 6 

11 7 

11 9 

12 1 

12 4 

12 7 

12 8 

12 6| 


Table VIIT —Diurnal Inequality of the 


Hours 

Mid j 

1 j 

^! 

3 

4 

5 

“ 1 

7 

1 

H i 

1 

! 

10 j 

n i 





Summer Means 







/ 

-0 3 

/ 

-0 2 

/ 

-0 1 

/ 

-0 2 

/ 

-0 1 

1 

/ 

-0 1 

f 

+ 0 1 

/ 

40 4 

+0 7 

* 

+10 

0 

+ 1 0 

/ 

4-0 8 





Winter Means 







t 

0 0 

, ! 
-01 

i 

t , 

0 0 

/ 

-0 1 

/ 

-0 1 

/ 

-0 2 

/ 

-0 2 

-0 2 

/ j 
0 0 

t 

40 3 

t 

4-0*6 

+ 0 6 





Annual Means 







/ 

-0 2 

/ 

-0 1 

/ 

-0 1 

•0 1 

/ 

-0 1 

# 

-0 1 

t 

0*0 

t 

+ 0 1 

t 

+ 0 4 

0 

+0 7 

+ 0 8 

/ 

4-0*7 
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44;^ 

id Vertical Forces (Tables I IT iind V) (The Mean for tlio Year = 67® 11' 8 ) 


\oon 

1 

2 

3 

4 

6 

0 j 7 

8 

9 

U) 

11 

Mid 

Succeeding 













noon 







Winter 







/ 

/ 

t 

, 

/ 

I 

t 

1 

/ / 

I 

1 

/ 

1 

/ 

/ 

1" 
i ' 



13 6 

1*1 2 

13 1 

n 2 

13 1 

1 * 2 

1 la 1 113 1 

13 0 

13 0 

12 0 

13 0 

12 9 

13 1 

13 1 

'12 9 

la 9 

12 e 

12 9.1J 7 

12 7 112 6 

12 6 

12 5 

12 0 

12 5 

12 5 

12 7 

18 6 

'13 1 

12 9 

12 9 

12 8 

M H 

, 12 7jl2 b 

12 5 

32 6 

32 0 

12 6 

12 6 

13 2 

12 2 

'll 8 

U 5 

11 t 

11 % 

11 r 11 2 11 I'll 1 

11 2 

a 1 

31 1 

11 1 

a 7 

11 0 

10 8 

10 H 

30 7:10 7 

10^3 

10 5 10 6 

10 5 

10 5 

10 0 

10 6 

10 0 

a 1 

10 1 

10 0 

10 1 

10 0 

10 0 


9 9 , 9 9 

10 0 

10 0 

10 1 

10 1 

10 1 

10 8 

32 3 

, ^ 

11 9 

11 9 

11 8 

11 7 

.11 7 111 ft 

1 

11 6 

,11 6 

l 1 

iTT 

11 0 

1 

a 6 

1 __ 

12 0 

1 






Hummer 






! 

f 

§ 

f 


t 

1 1 . 

f 

1 ' 1 

/ 

1 / 

i ' 


13 1 

12 8, 

12 5 

12 4 

U 4 

12 6 

12 5112 4 

12 a 

'l2 4 

12 4 

{l2 4 

;i2 4 

13 0 

12 7 

,12 7 

12 7i12 8 

12 H 

12 6 

12 1 11 9 

12 0 1 12 0 

1 12 1 

12 0112 0 

12 0 

J2 6 

J1 8| 

11 r» 

It 4 

11 6 

11 4 111 2 11 3 

11 3 

11 4 

11 6 

a « 

11 6 

12 7 

U 7 

11 3, 

11 2 

U 1 

11 0 

11 2 

31 1 10 9 

10 9 

10 9 

10 9 

11 o ;10 9 

31 5 

1 10 2 

1 9 8i 

10 0 

10 0 

10 2 

111 4 

JO 3 10 0 

10 1 

10 0 

10 0 

10 0 

9 9 

10 2 

I n 6 

'll H< 

a 4 

11 8 

a 6 

11 6 

11 4{31 1 

11 2 

a 8 

a 4 

a 2 

a 2 

wmam 

; 12 0 

111 0 

11 c 

13 5 

n 6 

11 6 

11 4|U 3 

11 3 

a 3 

a 4 

a 4 

U 3 

11 9 [ 
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— 
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— 

— 
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Inclination ns deuvod fiom Table VII 


Noon 

1 

2 

3 

■ 

4 

6 

b 

7 

8 

9 

10 

11 

_ 

Kid 






Summer Keans 








— 








* ■ 

" 

1 

/ 

f 

/ 

/ 

P 

/ 

/ 


/ 

/ 

/ 

9 

9 \ 

+ 0*2 

-0 1 

-0 2 

-0 2 

-0 2 

-0 1 

-0 3 

-0 8 

-0 4 

-0 4 

-0 3 

-0 4 

-0 4 ’ 






Winter Kcamn 





i 

_t 

1 

' 1 

/ 


/ 

j ' 

/ 

/ 


1 / 

/ 

1 ' 

1 ' 1 

r 

-«-0<4 j 

,+o a 

+ 0 1 

0 0 

j 0 0 

-0 1 

-0 1 

-0 1 

|-o a 

-0 2 

-0 2 


-0 2 


_ -— 

— 


- 

- 


— 


— 


_ — 

_1 

1 






Annu&l Keane 







i 

/ 


. ! 

f 

/ 


9 

' 

» 

/ 

t 

a 

1-0 8 

i 

j 0 0 

-0 1 

-0*1 

«*0 1 ' 

-0 1 

_ 

-0 2 

-0 3 

-0 3 

-0 8 

-0 8 

-0 8 

-0*8 


tU« reading u aboTS the mean 


2 I 2 



444 


Tlie Natwml Physuxd Lalorafvry 


APPENDIX lA 


Mean Vami1!.'>, foi the years specified, of the Magnetic Elements at Observatories 
whose Pabhcations are roceiied at the National Physical Laboiatory 


Place 

1 

1 

Latitude 1 

1 

1 

Longitude 

I 

1 

Year , 

I 

DeihuHiiou 1 

! 

1 

1 

Tncliuatioii i 

1 

1 

Hon* 

Koiital 

Force 

OGS 

Lmts 

Vortical 1 
Force ' 
CGS 
X7mU 

Pawlowflk •. 

50 41 N 1 

rfO 2‘» F , 

1898 

u sib aii 

70 80 7 N , 

16522 

47077 

Katliannenburg 

56 40 1 

OU dHK 

1H9H 

0 55 6 £ 

70 40 2 N , 

17802 

60753 

i 


ri89t 

7 30 7 K 

68 87 5 N 

18572 

47451 

Kasan 

55 47 N 1 

49 HF . 

J JH9f> 

\ 1896 

7 48 Hi, 

7 47 1 Ji 

68 SS 5 N , 
68 33 7 N 1 

18580 

18605 

478J'0 

478H1 




LiK97 

7 64 8 K ' 

08 34 8 ^ 1 

18(il6 

47454 

Copenhaeen 

55 41 N i 

34K 

1899 

10 15 8 W 

68 40 N 1 

17400 

4478 , 

Htonyhurst 

53 51 S 

2 28W 

\1900 

18 J7 7 W 
18 10 9 W 

68 61 8 N 
68 60 8 N ! 

17273 

•17312 

44677 < 
44720 

Hamburg; 

63 34 M 

10 8 E 

1896 

11 86 *» W 

67 38 8 N 

18061 

48921 

WilholnehaTen 

53 32 N 

H 9F 

1899 

12 31 0 W 1 

67 46 0 N ' 

18072 

44173 

Potsdam • 

62 28 K 

13 4£ , 

1899 

10 0 7 W 

60 38 8 N ' 

18818 

48392 

Irkutsk •• 

62 16 N 

104 ISE 

1898 > 

2 2 6B 

70 18 2 N ' 

20137 

65091 

de Bilt(Utrecbt) 

62 CN 

6 11£ I 

1898 

18 69 1 W 

^ 1 

1H487 

— 

Kew 

61 28 N 

0 19W , 

1900 : 

16 62 7 W 

67 11 8 N , 

18428 

48881 1 

Greouwjth , 

61 28N 

0 0 ' 

n899 

16 34 2 W 

67 10 2 N , 

18419 

48754 


11900 

10 20 (» W 

67 6 6N ! 

18450 

48764 

Uoclc (Bruesuls) 

60 48N { 

4 2111: 1 

1 1899 
11900 

14 18 3 W 
14 13 •« W 

66 18 2 N < 
66 9 8 N 1 

18988 
18962 ! 

48978 

1 48806 

Fidmouth 

60 ON ! 

6 6Wl 

1899 

18 32 7 W 

66 48 7N ' 

18063 

48669 

Prag<ie 

St Heher (Jer 

60 6 N ' 

14 25 K 

1899 

9 11 9 W 

1 

19926 , 

1 ' 
t 


49 12 N 1 

, 2 5W 

1000 

16 50 7 W 

65 46 5 N 



Parc St Maiir 




a 


1 

(Paris) . 

48 4eN 

2 20£ 

1897 

i 14 58 6 W 

64 59 6 N 

19717 

48870 1 

Vienna 

48 16N 

10 21 £ 

1808 

8 24 1 W 1 

_ 

20797 


O’G^allnCPesth) 

47 63 N 

18 12 £ 

1900 

7 28 8 W 1 


21153 


Odessa 

40 26N 

30 46K 

1898 

4 41 6 W 

62 80 5 N 

22038 

48841 ' 

Pola* .. . 

44 62N 

15 61 £ 

1899 

9 26 7 W 


22185 

•88800 ' 

Kice •* 

48 43N 

7 16B 

1809 

12 4 OW 

60 11 7 N 

*22890 

89087 I 

Toronto , * . 

48 40N 

79 80W 

1897 

4 63-OW 


16050 

_ ‘ 

Penngnan ... 
Tiflu. 

42 42N 

2 53£ 

1897 

13 51 3 W 

60 8 5 N 

22440 

86060 

41 48N 

44 48£ 

1897 

X 59 0£ 

65 48 8 N 

*26664 

•87770 

Capodimonte \ 
(Naples) .. / 

40 62N 

14 16 £ 

ri89S 
\ 1899 
ll900 

9 22 6 W 

9 15 8 W 

9 10 2 W 


HW 

= ' 

ICednd 0 0 • • e 

40 26N 

3 40W 

1807 

15 56 9 W 

M. 

mmm 


Oounbrn ••• * 

40 12N 

8 26W 

1880 

17 24-2 W 

69 28 ON 

22724 

88649 

Wuhmgton ,. 

88 65 N 

77 4W 

1894 

3 89 9W 

70 84 8 N 

19070 

66846 

liUbOD. 

88 48N 

9 9W 

1000 

17 18*0 W 

67 64 6 N 

*28516 

87484 

TokiOeeee. . 

86 41 N 

189 46K 

1807 

4 29 »W 

40 2 SN 

20616 

•84866 


* The vertioal foroe w mean from months June to Deoember only* 
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l)er Liual iDJi ^ 


ilori- 

7ouial 

' Vertloa] 

1 b orce 

f 00 S 

1 LmN 

i 

PlftCt 

liHtitiide 

Loiigiliult 1 

1 Yeai 


incltnatioii 

Forte 

eWH 

Ullltrt 

Zi ka vr«i 

31 

/ 

12 iV 1 

1 

iji aoi- 

f l«97t 
1 18% 

2 18 5 W ' 
2 10 0 W 

15 5) 0 N 1 
IS 48 7 N 

I 82709 
22778 

I 

33827 
, iH720 

Havana * 

23 

8N i 

82 25 W 

1 1H98 1 

a 10 8 ]• 

V2 K) 7 N 

811G6 

' 40634 

Hong ifoiig 
Tacuba^A 

22 

IHW 

m ioi<' 

i 1H99 ‘ 

0 21 IK 

ai 21) 4 K 

86076 

22465 

10 

24 N 

UO 12 ]< 1 

1 18‘)5 1 

7 45 «K 

44 22 2 M 

88428 

32764 

Ooiaba(Humba3) 

J8 

&4N 

72 4‘J K 1 

1897 

0 81 3 !•' 

20 59 i K 

37463 

14369 

MauiU 

U 

36 N 

120 ns K 1 

1 1H98 > 

U 51 4 K 1 

! K. 28 7 N 

879a2 ' 

11228 

Bttta^ w 

0 

11 S 

106 4»M 

1898 . 

1 11 0 K 1 

29 47 4 a 1 

1 36762 1 

I 21040 





f 189(,; 

8 41 6 W 1 

1 % 60 8 a 1 

1 29004 ' 

21735 

Har«e« sulem* 

0 

49 S ' 

39 181C ' 

i 18971 

8 29 9 W i 

' 80 6a a 8 

29009 , 

21771 





Lisys, 

8 18 X W 1 

1 36 60 8 a I 

2800G 

21785 

Manntiuft • i 

20 

OS { 

57 .i.l £ 

1898 

9 81) a W 

' 51 22 1 8 

23873 1 

1 33814 

Hio do Janeirof 

22 

55 S ' 

43 11 W 

1899 1 

7 45 0 XV 

, ia 10 0 a ; 

[ 2505 1 

1 0590 

Melbourne 

37 

50b 

1 

114 58K 1 

1 ‘ 

1 1898 

8 20 1 K 

67 22 4 8 ' 

1 

28864 j 

1 66050 


• Data for 1896 and 1897 aro from abjwlutr obtiervaliouB onJ> lor 1898 wtu made of tho 
aTailablo mognetograph rotords 
t Pato from Hrat tnreo and lost Ihroe month* of ^rar onh 
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NoUoiuil Phydml jMhonttoiy 
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APPENDIX III —Table I 

Htpistei of piihcipal Soisnio^iuph Distiubanoes P^OO 


1 

No in 

Kcw Date 


C'umiiKTiie 
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Dumi ion 
j ot P 1 s • 
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11 

17 
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21 
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Stability of a Spbencal Nebula” Jly J H Jkanb, IIA, 
Scholar of Trinity College, and Isaac Newton Student in the 
Uni\ersity of C'anibiidge Communicated by Vrofossor G 
H I )AR\\ IN, F11S IJeceu ed .Juno 15,—Head June 20, 1901 

(Abstract) 

It 18 u&iial to take as the theoictical basis of the nebular hypothesis 
the established fact that the equilibnum of a rotating mass of liquid 
becomes unstable or soon as the lotation exceeds a ceitain cntical 
value The present j>aper attempts to exiiniine whethei it is justi¬ 
fiable to argue by an dog}' from the case of .i lupud to that of a 
gaseous nebula, and it is found th.it, on the w hole, this question must be 
answcied in the negative The paper is written with especial roforenco 
to a paper by Professor G H Danrni,* in which it is shown that a 
awarmof meteorites may, with certain limitations, be treated as a mass 
of gas The result obtained for a gaseous nebula can accordingly be 
at once transferred to the case of a meteoric swai ni 

It appeals that the mam difference between the stability of a liquid 
and that of a gas, lies in the difference of the parts played by gravita¬ 
tion in the two cases In the case of a liquid, gravitation is the factor 
which supplies the forces of lestitution, m the case of a gae these 
forces are provided by the elasticity of the gas, while the influence of 
gravitation, for some vibrations at least, tends towards instability 
It is shown, m the first place, that the principal vibrations of any 
sphencally symmetncal nebula can be classified into vibrations of 
orders 0, 1,2, oo , whore a vibration of order n is such that the 
radial displacement and the cubical dilatation at any point are each pro¬ 
portional to the same surface-harmonic of order n 
The case of a nebula which extends to infinity is then exanuned, 
and It IS shown that the staliility depends solely upon the value of a 
function as defined by 

t » 00 ^ 

vbere p, k are the density and elasticity of the gas at a distance r from 
the centre Vibrations of zero order are of zero frequency, vilnationB 
«E order n (other than zero) become unstable as soon as exceeds tiie 
value 

«. - !»»(«+ 1 ) 

Heme instability enters first through a vibration of order » -i 1, 
and the nebula becomes unstable as soon as the value exceeds 
miuty 

It IS found that for a nomrotating nebula m which the gaa equations 
• < Phil Tran.A, vol 180, p. 1. 
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are Batisftod at e\ery point, « 1 Hence the gtabibty or inata- 
bility of an actual nebula may bo rcganled as determined by the aign 
of the algebraical Hiim of a number of corrections The signs of these 
corrections are (is follows — 

(z) IbOtation, howeici small, tends to instability 
(n ) If the nebula is m process of cooling, the configuration at any 
instant w'lll not bo strictly an equilibrium conhguiation, the values of 
some quantities will lag )>eb}nd their equilibrium values, and this 
lag ** tends to instability 

(ni) Viscosity does not inflneiuo the question of stability or in¬ 
stability 

(iv ) A correction is required by the fact that the assumed gaa 
equations cannot rctiuin tnio for densities bolow a certain critical 
value This can bo seen to supply a faetoi which tends towards 
stability 

Wo conclude that a nebula may become uiistablo for values of the 
rotation, which are quite small in companson with those required in 
the case of a rotating fluid 

The instability first entei's through a vibration of frequency =» 0 , 
the configuration at this instant corresponding to what Poiucar^ 
describes as a “ point of bifurcation ” The subsequent motion consists" 
at first of a condensation of mtittei about one radius of the nebula, and 
a rarefaction about the opjiosito radius In the later stages there is 
superimposed upon this a comlensation about the axis formed by those 
two radii, an<l a rarefaction m the neighbourhooii of the corresponding 
equator This motion, it will bo seen, strongly suggests the ultimate 
separation of the nebula into two nebulaj of unequal size, or, m other 
worils, the ejection of a satellite 

The influence of rotation in eflecting instability will increase us the 
temperature decreases, and wo can imagine the same nebula becoming 
unstable time after time as it cools, stability being regained each time 
after the ejection of a satellite 

If the rotation of the primary is large, the planes of the orbits of 
the satellites will be almost entirely determined by the direction of 
the axis of rotation, for smaller values of the rotation other factors 
may come into play, so that there is theoretically no limit to the 
obliquity of the planes of the satellites For instance, if a slowly 
rotatmg nebula, when near to the critical state of neutral equilibrium, 
18 penetrated by a moteonto of sufficient size, the result will l»d the 
ejection of a satellite, of which the plane will almost entirely depend 
on the path of the disturbing meteorite The same effect may be 
caused by the attraction of a distant mass, the plane of the satellite 
depending mainly upon the position or path of this mass 
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“ The Spectrum of i? Argus ” By Rii Davhi Gill, KC B, LLD , 
F R S, H M Astronomer at the Cajie Received Maj 24,— 
liend June 6, 1901 

[PlATB 

The btor 7 ; AigUbi hs is well known, wjis foi a whoit time iilmoist the 
brightest star in the heavens Bot'ween 1677 and 1#^70 its light 
fluctuated between magnitude 0 and 6 8, and, since the lattei date has 
gradually faded from 6J to 7^- its magnitude at the present da\ 

Soon after the McClean telescope was mounted, and ]»} way of 
testing Its porfoimalice, a plate was taken, with the object glass prism 
of 8^*" refiacting angle in fiont of the object glass, of the area of the 
sky surrounding ?; Argus 

As this plate showed that Argus had a vciy remaik^ible biight-lme 
spectrum, an attempt was made to obtain a spectrogiaph with the slit 
spectroscope, together with a compansou spectrum Within the past 
few weeks I have been engaged in measuring some of these experi¬ 
mental spectrogi ams —a w ork that othei occupations hud until now 
prevented me from undertaking 

As the reductions of the measures show that the spectrum of 
»/ Argus closely resembles that of the Nova Amiga*, it seems to be of 
considerable interest, in view of the appeaianco of Andeison's now 
stai in Perseus, to publish the present results, although in many 
lespects they are not so complete as might otherwise bo desirable. 
Thus I have no doubt that, by sacnhcing the definition near Hy and 
by a longer focal setting and longer exposure, one could get a con¬ 
siderable extension of the spectrum in lioth directions with the 
objective prism, and, with the slit-spoctroscope, obtain a good deter¬ 
mination of the velocity of the star in the line of sight by a much 
shorter exposure and with direct comparison of the brightest star-line 
with Hp These further points may, howevw, remain for futme 
investigation 

The plate taken with the slit spectroscope is shown 111 flg 1 
(Plate 4) It was exposed as follows — 


1899 April 14 

Exposure 165 minutes 

,, 15 

10 

« 16 

,f 150 ,, 

,, 17 

«, 45 „ 

Total 

6h. 10 m 


The comparison spectrum of iron w^as obtained from a single 
brilliant spark between iron terminals connected with a powerful cod 
and battery of Leyden jars immediately before the first day's 
exposure 
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Eleven selected iron lines were carefully measured with tbe Toepfer 
micrometer A least-square solution with Hartmann’s formula gave 
(K) (.0) 

A « 2180 30 - 2 

» - 128 8971 

("o) 

of which the residuals respectively were 


K 

Bofficl 

X 

Bosid 

4063 72 

•-003 

1404 79 

-0 15 

4171 82 

-0 02 

4476 34 

0 15 

4118 90 

0 18 

45291 

0.30 

4143 85 

-016 

4872 25 

0s35 

4260 61 

-0 06 

4957 50 

-018 

4325 88 

-0 10 



In determining the 

WHve-Iengths 

of the hnes 

in the 


1 ) Argus the above formula was not used, as the representation did not 
seem sufficiently exact nor could the whole spectrum be conveniently 
measured at once 

The attached table shov s the subdivisions of observation and com¬ 


putation The above value of Ao was retained in the computations, 
W Mu and C were determined separately for each block The means 
of the micrometer readings are corrected for the carefully determined 
errors of the screw ^ 

It will be noted tliat we get for the wave-lengths of the hydrogen 
Imes the following results — 



Obiwpved 

Known 

K-0 

lU 

4863 38 

4861*49 

-1 89 

Hr 

4343 71 

4340 66 

-305 

H 

4105 08 

410185 

-3*23 


As there is no symmetry between the time of exposure of the plate 
to the iron flash and to the stor-spectrum, wo cannot suppose thu 
displacement to bo necessanly due to motion of the star, it is more 
probably due to change of temperature, &c, in the spectroscope. The 
wave-lengths given ui the separate coliunn are corrected for displaoe- 
xnent so as to bring out the wave-lengths of the hydrogen and other 
hnes at their true values 

The wave-lengths of the corresponding bright lines m the spectrum 
of Nova Aiirige as observed at tho Lick Observatory or Potsdam,* are 
given in the adjoining column, and the agreement is very remarlmhle 
The photograph with the object-glass piism was taken in 1899, 
January 14, with an exposure of one hour The star wu traded to 
and fro for 0 fl mm., the guiding being done by a neighbouring star 
viewed m the guiding teiesoope. The original negative is enlarged 
6 dumeters in the plate sent (fig 2, Plate 4). 

* Boheinsr’s (Frost)' iistronomiMl Spestroseopy,' p 887 
VOL. LXVIII. 2 K 



vave4engtliv gireb in tbo Db|eot<|^ prlmi table were denved 
firom «Hnifol meastirei ndticfa were eonrarted inta wave-lengths by 
Hartmann’s formula and the known wavatength of the hydrogen lines 
The wave-lengths resulting from the object-glass prism are naturall> 
far less reliable than those from the slit spectroscope. 

From the very exact agreement between the spectrum of Argus 
and that of the Nova Aunge, it appears that whatever the causes of 
the origin of the Nova in Aunga^ very similar causes have probably 
product rile histoncal changes in the brightness of Argus 

Table 


Sptetratn of n Arfpit. 
Hnuureii from tilt •iwoMriprttph 


UiMw ill 9 pm- 
trum of 
IfovaAuiign | 


19 Argils 

(objueth u prism) 


-I 


Cam 

pkrisun 

lavster 

S 

Spsfitrum 

IP# 

Hpoetrum of q Argus 

A 

Corectsd 

for 

itlsplace- 

lIMfllt 

Pa^ Potsdun 

A 

A 

Int. 

MIoro* 

motor 

A 

Int 

88*4183 

4967 60 






6018 9 

' 

9 



69 6684 

4095 9 

6 

4IU4 9 

P 4993 

4994 5 

4 



61 1187 

1868 a8K9 

40 

4661 49 

P4869Hg 

4661*40 

40 



60 5889 

4815 6 

4 

4H1» 5 


4611*6 

1 

64*0804 

4630*00 

57*6879 

4780 6 


4896 9 


4797 0 

Slir 

/64*08M 

1630 90 






4665 ti 

3v 1»r 

154 4117 

4639 00 

54 6871 

4680 9 

4 

4698 ^ 

P46a8 

469T 6 

8 


1 

54*4070 

4691 7 

4 

4619 3 



M 



58 9965 

4565*9 

7 

4583 4 

P45IWI 

4583 1 

7 



59-8596 

4^79 1 

*1 

4’W9 H 

14^70 





59 4960 

4W) 5 

H 

4A5H 0 

P4557 


H. 



69 9008 

4551 5 

7 

4549 0 

L4549 

4659 9 




51 6438 

4684*4 

4 

4531 8 

P45WI 





ti'wn 

459S 9 

5 

4591 3 

P45JO 

4618 8 

V V b 



61*0198 

4516*6 

J 

4518 0 






50 7651 

4505 6 

a 

4506*0 



•H 



50 6597 

4501 7 

1 

4499 1 



— 



60*9154 

4491 T 

4 

4469 1 

t44M) 

4487 7 

5v hr 



40*6068 

4474 0 

1 

4471 1 

tt** U7J 

4479 4 

— 



48 4519 

4468 6 

1 1 

4466 8 

H. 

« 




49 1995 

4«H) 1 1 

1 3 

4457 4 






46*9977 

4456 5 1 

9 

4453 9 






48*7997 

444H 9 1 

9 

4446 9 

P4445 

H. 




48 5516 

4444*0 

9 

4U1 3 


4441*6 

1 MH 

f4T*6W0 

4415*88 

47*5509 

4416 6 

10 

4418*6 

P4417? 

4414 0 


\47 1480 


" 






10 

fTJWTJl 

4401*84 



1 



4895 8 

a 


4888 73 

45 4700 

4860 7 

9 

4357 5 


4360*8 

1 


41136*98 

45 1868 

4868 S 

6 

4850 9 

14385 

4884 5 

90 


4808 09 

44-«]5 

4349 71H 7 

10 

4840*66 

Is 4340 Hy 

4840 66 

30 


4989 44 


■M 




4300*9 

4 


4894 89 

48*6800 

^•1 

8 

4986 1 


4966*0 

10 

/48*417S 

4988 64 

49*9840 

«T7 7 


4974 7 


4976 3 

8 

IliiibMl 

4871-W 



— 


— 



i/41«6Q09 

4900*67 

•a. 

OH 




H. 

m9m 

ft41 *0706 

4950*85 

48 6080 

1945*8 

T 

4949*7 


41^*4 

7 

lltf’Xt/j :)| 

4 WHS 

49*4145 

4aS*8 

5 

4389 9 


49899 

7 

IBHmSI 

4818 68 


H. 



— 






4144*01 
4110*7> 

ton-M 

40«ATa 


4108«9| 
84 48U 4108*0BHa| 


6 ns 

pecM 

8 


, JP41W 
114180 P41fi6 


4174*8 
4U4 4 


4t0i*85 

4087'^) 


Otar* 


•4106 0 
4101*86 




8 

I 
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CftOONiAN Lkctuhk—"S tiidios m Tisual Sensation” By C 
Lloyd Mouoan, FKS, Principal of University College 
Bristol Livture dehveiod March 21, 1901,—MS leceiveil 
March 25, 1901 

Peoulmr difliculties are encountered when any attempt is made to 
express the relative values of Bensations in quantitative terms which 
shall make some appioach to exactness No doubt wo commonly deal 
with the loss and the moi o of sensation , we say that a surface appears 
duller 01 brighter, but on wlut scale shall we determine with atn 
precision how much the less, or )ty what amount the moie ? What is 
to be our unit of sensation in terms of which we can reckon our gains 
and our losses 1 At hrst sight it may seem reasonable to assume that 
the unit of sensation is that which corresponds to some definite and 
constant amount of physical stimulus ot physiological excitation 
And unquostionably wo seem ]ustified in assorting that under constant 
conditions, physical and physiological, a given amount of stimulus 
produces an amount of sensation which is constant in quantity If it 
bo not so the relation of stimulus to sensation is not a subject that is 
open to scientific investigation But apait from the fact that there in 
some variation of sensitiveness among different individuals, and e\en 
in the same obsener at different times, there aie many famihat facts 
which show that the physical measuiemont of luminosity does not 
accord with the estimates we make of the brightness of the illu¬ 
minated surface If a sheet of i^hito piper be illuminated by a 
standard candle at a given distance it appears of a given brightness , 
if now the distance of the candle bo doubled, the physical luminosity 
IB reduced to one-fourth But it looks a good deal more than one- 
quarter as bright Its brightness may not be even halved Again, 
the physical luminosity of coloimed paper, as measured by Sir Wm 
Abney’s methods, does not give values which satisfy sensatioiu A blue 
with luminosity 9, as compared with white paper reckoned as 100, 
appears to have a bnghtness nearly half-way between black and white, 
a red with luminosity 18 does not certainly appear twice as bnght as 
the blue Furthermore, it is well known that a senes of equal incre- 
znentB of stimulus does not produce a similar senes of equal increments 
in sensation 

This may readily be illutoatod by means of a rotating disc. If a 
disc bo prepared with equal sectors of black and white, the effect on 
the eye, when rotation is sufficiently rapid completely to extinguish 
flicker, IS that of a uniform grey But it is a giey so light as to be 
not far removed from white We may assume that the physical 
luimnOBity of the surface is, since the sectors are equal, the antfametv 
csl mean between that of the white apd that of the black employed 

2X2 
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But the brightness or Bensation>luminoBity is certainly far removed 
from the arithmetical moan between that due to white and that pro¬ 
duced by black The fact is, perhaps, even more clearly brought out 
if wo divide a disc into cloven concentric areas of equal width, of 
which the inner is all white and the outer all black, while the inter¬ 
vening ureas have sectors giving a senes of 10 per cent increments of 
white On setting such a disc in rotation a senes of concontnc grey 
nngs IS obtained Now if the equal increments of stimulus producc<l 
equal increments of sensation, the ten steps leading from black to 
white should appear to be of equ.il value But they appear to be of 
very unequal values Whilo the step from black to the darkest grey 
in\ol\os a large stiido in Hons.ation, seemingly almost half-way towards 
the white, that from white to the lightest grey is of no groat amount 
Nor 18 this dilforence materially altered by reversing the older of the 
nngs With stops proceeding from inner black to outer white their 
inequality for sensation is just as obvious 

No doubt in reaching this conclusion w^o are dependent on the 
exercise of compaiison and judgment Wo must compare the value of 
the steps fiom nng to ring iii order that we may perceive their 
inequality But the inequality is not a property of the perception but 
of the visual sensations which ai e perceived to be separated by unequal 
intervals We cannot investigate sensations at all wathoiit passing 
judgment upon thorn It is fatal, however, to clear thinking to confuse 
the act of judgment with the sensory dau on which such judgment is 
passed 

It 18 noteworthy that the nngs afforded by such a disc when m 
rapid rotation are not uiuform in shade Apart from the differences 
of luminosity for sensation between nng and ring, the shade of grey 
within any selected nng is not the same throughout its width There 
18 the same percentage of white stimulus throughout its breadth , but 
there is not the same brightness for the eye between its bmiting 
boundaries When the ring adjoins its lighter neighbour it appears 
distinctly darker than it docs on that side which is in juxtaposition to 
its darker neighbour. This is unquestionably duo to the effects of 
contrast, through the subjective influence of which each nng is differ¬ 
entiated in sensation, though there is no corresponding differentiation 
in the exciting sUmulus It is noteworthy, too, that this contrest 
offset is more marked in the darker nngs than it is in the lighter nngs. 
We have heie a disturbing element, for which we must be prepared to 
make the necessary allowance For the present, however, we may 
assume that, though introducing a factor which somewhat distracts 
the judgment, the disturbance is not sufficient to invalidate the con¬ 
clusion that equal, or approximately equal, increments of stimulus 
produce increments of bnghtness which differ widely in v^ue. 

We may next endeavour to ascertain whether we cannot by experi- 
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mental work obtain a sonefl of nngs which do affoni approximately 
equal steps from black to white—of which any intervening ring 
appears to be of an intensity or shade which is the anthmetical mean 
between its neighbouis on either side This may be done by means of 
slit discs on Maxwell’s method, giving seetois which slide over each 
other so as to alter the relative pio|K>rtion6 of the white and black 
First a mid grey may be found, which appears to give a half-way sen¬ 
sation between black and w hite, then other greys, which appear to be 
arithmetical means }>etHOon the mid-groy and black on the one hand, 
and on the othei hand between the mid-groy and white Thus by a 
senes of careful adjustments rings may l>e obtained which enable the 
eye to piaa from black to w lute by steps which are of approximately 
equal value for sensation 

It 18 not, however, easy to judge of the exact equality of the sensa¬ 
tion increments Tt is not easy, for example, to say what shade of 
grey stands just mulwaiy between black and white, and with four 
steps, even when one judges thorn to be appioximately equal, one feels 
that there is equality with a subtle diffbreuce The stop fiom black to 
dark grey may bo substantially similar in v aluo to that from light grey 
to white, but it is not the sanio , and theio is the disturlung element 
of contrast causing the rings to lack uniformity of shade One feels 
that the method of nngs giving equal sensation inoicments can only 
give a first approximation to a scalo of sensation For what they are 
worth, however, let us consider the results 

Admitting that we have reached a first approximation towards an 
evenly graded scries of sensations, we have at least advanced a stage 
towards the establishment of an arbitrary unit of sensation Wo have 
obtained a scale oi ladder fioin black to white How shall wo deal 
with It ^ Let us term our black the zero of an arbitrary stale, and our 
white 100 per cent Wo must realise, however, that our zero, which 
we term black, is simply a datum level fiom which to reckon That 
which I employ is a (lull black surface paper coated with black enamel 
This gives a bright reflecting surface ^ but it is not ditflcuU so to 
arrange matters that the scanty Incht reflected to the eye from its sur¬ 
face » derived from black velvet or cloth hung in a daik corner Still 
It 18 not, and it makes no pretence to be, absolute black Let us 
assume that it is a vozy dark grey, and lot that be our zero of stimulus 
and also our zero of sensation So too at the other end of the scale 
Our white paper affords an arbitrarily selected luminosity under given 
conditions of illumination, and w^o call it 100 per cent, of stimulus, 
corresponding to 100 per cent of sensation We have thus a per- 
oentage scale—I repeat again a purely arbitrary percentage scale—for 
both stimulus and sensation, by means of which we can bring them 
into relation to each other within the assigned limits 

Let us now compare the results we have so far obtained, stating 
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them in the terms afforded by the arbitrary scales. The percentages 
are as follows,— 

Sensation 0 25 50 75 100 

Stimulus . 0 6 5 20 47 100 

Stated in this form, while the sensations are in arithmetical progres 
Sion there is at first sight no very definite senes in the stimuli But if 
we express the results m a somewhat different form the stimuli fall 
into an orderly sequence The following figures give the inaemids of 
sensation and of stimulus — 

Sensation 0 + 25 + 25 + 25 + 25 100 

Stimulus 0 +66 + 13 5 + 27 + 53 « 100 

It IS clear that the stimulus increments are here nearly in geo- 
metrical progression And if we may base a purely provisional and 
empneal gonorahsation on so slender an cxpcimiental foundation, we 
may say that equal increments of sensation require increments of 
stimulus in goometneal progression. 

Such being the preliminary results obtained from a senes of approxi¬ 
mately equal sensation steps, we may now, on the basis of our pro¬ 
visional gcueialisation, interpolate other points between those obtaine<l 
by observation, and through thorn sweep a smoothed curve And 
hanng done so, we can translate the curve on to a disc which shall 
give a continuous geometneal increase of stimulus from our zero black 
to our 100 per cent of white And this on rapid rotation should 
afford a smooth passage from black to white in sensation There 
ought to be a perfectly even and uaifomi ascending slope of sensation 
from our zero black through progressively lightening shades of grey 
to our limit of 100 per cent of white Our mid-grey should he just 
III the middle between the extremes. When the disc so prepared is set 
in rapd rotation, however, though there is a gentle shading from 
white into black, this shading is not uniform There is a lack of 
lialance The mid-grey does not appear to be just half-way between 
black on the one hand and white on the other hand. It lies too near 
the black, and the shading is therefore too rapid from this mid-grey 
luta black, not rapid enough in the opposite direction towards white. 
The appearance is not that of a uniform slope of sensation, but rather 
that of a gentle convex curve, the surface appearing slightly spherical 
It may here be noted m passing that we have to be on our guard 
i^inst the misleading effects of a so-called optical illusion In our 
rotating disc we have to judge the position of the mid-grey, which 
should he eqmdistant from the black and the white But in a disc or 
a sector thereof there is a tendency to misjudge the distance, from the 
centre, of a circle which bisects the radu. The inequidity of the areas 
tends to confuse the judgment as to distance, and the position where 
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tlie xnid-grey should fall is apt to bo placed too far from the centre. 
The position of the imd-grey is also apt to be misjudged according aa 
we are shading from inner white to outer black or vice versd In practice 
1 endeavour to avoid these disturbing effects, first by constructing discs 
to shade both ways and taking the mean results, and, secondly, by 
dealing with a reflected image of a portion of the disc, from centre 
to circumforonco, m a slip mirror, 140 mm long by 25 mm wide, the 
edges of which may be graduated It is easiei to judge of the accu¬ 
racy of shading in such a band than in a complete disc Making all 
allowances, however, for misjudgment of position in the mid-point, 
the smoothed curve drawn through the points experimentally deter¬ 
mined by the method of gtaded rings does not shade satiafactonly 

Befoie attempting to indicate the proUible cause of this discrepancy, 
It will bo convement to draw attention to the fuithei experimental 
work which it suggests If the smoothed curve wo have so far 
obtained does not afioid to the eye satisfactory shading, it obviously 
remains to determine what cuivo <loos give results in sensation which 
appeal to the judgment as approximately uccututc The shading of 
the disc which expresses the curve jiassing through 20 per cent, of 
white stimulus as the mid-point is so far satisfactory as to suggest 
that the curve is right in pruuiplo but faulty in its application And 
a great number of expenmonts, which need not hcie be described, 
convinced me that the introduction of + and - vanutioiis at different 
parts of such a curve, so as to alter its character, only serve to make 
matters worse and not bettei It seems, therefore, that what requires 
alteration is the position of the mid-ponit of the curve, ot in other 
words the value of the first of the senes of smoothed steps, and that 
of the factor required to give a geometrical pi ogression of stimulus 
increments 

It 18 easy to construct a curve on the same principle which shall 
pass through any desired mid-iKunt, and to translate it into the 
anawenng curve on a disc. It being obvious tliat the required mid¬ 
point IS lass than 20 per cent, a senes of discs were constructed in 
which the value of the mid pomt ranged from 20 per cent, down to 
10 pew cent By using these, I found that the mid-point for oon- 
tmuoua shading of white into black hes between 10 per cent, and 
15 per cent., and by further expenmental work, 1 found that 12 per 
cent gives the best result for my eye under the conditions of daylight 
illumuiaUon which I employ. The accompanying figure shows the 
eurve representing the relation of stimulus to sensation which is 
deduced from it The firm line shows the curve passing through 
12 per cent, as mid-point, the dotted Ime that passing through 
points determmed by means of the graded disc with grey rings 

It here naturally suggests itself that the data obtained for the 
graded nng disc were erroneous, and that the disarepanoy is due to 
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faulty observation This can novr be readOy put to the test of further 
experiment A ring disc can be constructed on the basis of the new 
curve But this on rotation affords stops which are of very distinctly 
unequal value to the eye 
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There is therefore a real discrepancy for sensation between the 
results obtained by the method of continuous shading, and those 
obtained by the method of gradeti steps May it not be due to those 
effects of contrast to which attention has already been drawn 1 To 
test the validity of this suggestion attempts were made to get nd of 
the effects of contrast within each ring, and in doing so, to obtain a 
rough quantitative measure of these effects We have seen that each 
rmg appears too light on that side which adjoins a darker ne^bour, 
too dark on the other border where it is in contact with a lighter 
neighbour Either by increasing the amount of white stimulus on its 
darker side, or by decreasing that amount on its lighter side, the ring 
may be made to appear of uniform shade throughout. It was found 
that approximately the same proportional amount of white must be 
added at one border or sulils'aoted at the other border to produce this 
result. 

Taking the step disc, which gives fairly equal sensation inerements^ 
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It was found that tlie three grey nngs required very unequal amounts 
of proportional reduction in order to render them ol uniform shade to 
the eye As the mean of three sets of observations, the dark grey 
nng required 50 per cent reduction of the white at its outer boiler; 
the mid-grey nng 40 per cent , the light-grey ring 25 per cent 
These figures give only a rough and preliminary approximation to a 
quantitative estimate in terms of physical stimulation of the effects of 
contrast under certain conditions of illumination and for speeds of 
rotation sufficiently rapid completely to get nd of any flicker effect. 
If the illumination bo materially reduced or if fiioker occur, the 
contrast effects within the rings reappear In other words, with 
reduced illumination oi with that flicker efibot which has recently 
boon studied by Professor Sherrington,*^ a large proportional amount 
of reduction is required 

The quantitative estimate of contrast and its physiological beanng, 
cannot here be further discus8e<i The markedly different effects in 
the several rings is sufficient to suggest that we ha^ o hero a sufficient 
cause for the discrepancy between results obtained by the method of 
nng grading and those reached through continuous shiulmg. For the 
present, however, I am not prepared to do more than suggest that the 
curve for continuous shading aiioids a more trustworthy scale for 
comparing the relatne values of stimulus and sensation than is 
affo^ed by graded rings which do not appear of uniform shades of 
grey throughout their width I provisionally accept therefore the 
curve tbiough 12 per cent niid-ponii as a basis foi further experi¬ 
mental work 

I must here confess that in a previous paporf I gave far too high a 
percentage for the mid-poiiit But the black I then used was not 
nearly so deep, the white was not quite so brilliant, I failed to make 
due allowance for the so-rallod optical illusions before mentioned , and, 
the worst error as I noyr see, I used ring grading as a check on 
continuous shading, not realising that the effects of contrast vitiated 
the results in the manner in which I have ]ust attempted to indicate 

I may now pass on to consider another fact which shows the import¬ 
ance of conducting observations m visual sensation under approxi¬ 
mately uniform conditious of illumination. Suppose that with a given 
illumination we have obtained even shading or fairly equal steps on a 
nng duo, and suppose that the illumination be then matenallj^ 
dimimshcd. The one disc no longer gives oven shading; the other no 
longer gives rings with equal sensation steps. Delbceuf 1: drew atten- 
ti<m to this foot for discs with grey rings, and accounted for it by a 
s<H]tieiidiat far-fetched bypothesu of physiological tensum No such 

♦ * JTottnis] of Thyndiogy,* rdi ai, p 33 (1337) 

t * Psychological Herww,* May 1000. p 217 (to! 7) 

t ' Xnmea Critique ds la Lol Psyohoj^sique/ 19B8,pp 147-48 
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hypodiesis is, however, needed The fact is a necessary oorcdlary from 
the nature of the curve which brings stimulus and sensation into rela¬ 
tion with each other This may best be illustrated by Uiking a some¬ 
what extreme case, and dealing only with the value of nud-grey. Lot 
us suppose that 12 per cent of white stimulus gives, under a given 
illumination, a sensation of approximately 50 per cent on the arbitrary 
scale—that is to say, a sensation half-way lictw^eeu btach and white 
And let us further suppose that the illununation is reduced to one-half 
What will lie the ehects in sensation 1 It might at first sight be 
supposed that since the full-white was reduced by half, and the 12 per 
cent for mid-grey also reduced by half, the sensations underwent u 
similar reduction But further considoriition shows that the two scales 
(that for stimulus aiui that for sensation) being unequally reduced, the 
position of the mid-point for sensation is necessarily shifted 
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Beference to fig* 2 shows that 50 per cent, stimulus affords 83 per 
cent, sensation, and that 6 per cent stimulus affords 36 per cent senssr 
tion But 36 per cent sensation is not the mid-pomt between 0 per 
cent and 83 per cent The mid-sensation will be 41 5 per cent,, and 
this requires 8 per cent, of stimulus Hence, for the given reduoUon 
of iUumination an additional 2 per oentw of stimulus is required to 
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afford a Tuid-seTuation between the black and the reduced value of the 
white It 18 here aBsumed that the reduced illuminatioti makes so 
email a difference in the black as to be inappreciable and practically 
negligible. 

Fortunately for expenmental work a ilighi reduction of the illiunina- 
tion makes but little difference in the mid-pomt fur sensation A 
reduction of the physical luminosity of the white paper ]>y 15 per cent 
only 1 educes the sensation it affords by 4 per cent, and the additional 
etimulus to be added to give the new mid-point is only 0 74 per cent 

It may be pointed out that the general fact of the alteration of 
sensation values by changes in the illumination is quite fuiuiliar An 
ilblit engraving not only looks duller, but the relative intensities of the 
shading are not preseived And the fact w^ould proltably be more 
noticeable were it not that wo are daily accustomed to changes of 
illumination of the same scene as the sun declines and sinks below the 
horizon 

I shall return presently to the question of illumination so as to bring 
these facts into i elation with the results of the further experimental 
work to be ore long described 

If the provisional scale represented by the graphic curve gives an 
approximation to the relative values of stimulus and sensation, that is 
to say, of physical luminosity and apparent brightness to the eye, we 
may use it to interpret the facts which I mentioned at the outset with 
regard to the physical illumination of a surface of white paper and its 
apparent brightness Let us suppose that with standard illumination 
the luminosity of the surface is 64, the corresponding value for senssr 
tion in terms of brightness is 89 If now the physical luminosity is 
reduced to one-fourth, it will have the value 64 — 4 = 16, the 
corresponding value of which is, for sensation, 56 One-quarter the 
illumination thus affords about two-thirds the brightness, which is 
pretty well m accordance with the testimony of sensation The 9 per 
cent luminosity of blue gives a sensation-luminosity or brightness of 
44 per cent, and the IS per cent luminosity of rod a brightness of 
59 per cent These again accord very fairly with the verdict of 
the eye 

Having now obtained a fairly even shading from white into black, 
colours were next dealt with Coloured papers were employed, and no 
attempt waa made to obtain colours with any approach to spectral 
punty. Continuous shading will alone be considered for comparison 
with that of black into white The curves for five colours on black 
were experimentally determined and plotted. The early work was 
pordy empirical Plus and minus alterations at different parts of the 
extent of each curve were introduced until the eye was satished that 
there wae an approximately even shading from black into die colour 
wider investigation* But when it was found that m each case for 
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cqital increments of sensation increments of colour stimulus in 
geometrical progression wore required, further work was Iiased on the 
assumption that this empirical generalisation is trustworthy For 
convenience of plotting an arbitrary percentage scale was used m each 
case, so that the curves merely represent the peicentages of red, blue, 
or other stimulus which give equal increments of colour sensation 
between black and the unmodified colour reckoned as 100 The curves 
being constructed on similai pnnciplos, they are huiliciently indicated 
by reference to thou mid-points, that is, to the stimulus which affords 
50 per cent of colour sensation The following table gives the results 
for five colouis — 

Mid point 

Light yellow on black 13 5 per cent of yellow stimulus 

Orange on black 18 0 „ of orange „ 

Light blue on black 19 0 „ of light blue stimulus 

Bed on black 23 0 „ of red stimulus 

Full blue on black 28 0 „ of blue stimulus 

Two COSOS were also taken so as to afford the even sensational 
shading of white into colour The results obtained wei e as follow s — 

Mid point 

White on full blue 25 per cent of white 

„ rod 30 „ of red 

And throe cases were taken so as to obtain even shading from one 
colour into anothoi—for example, red into blue through intervening 
tints of purple—with the following results — 

Mid-pomt 

Orange on full blue 36 per cent of orange 

Yellow on light blue * 40 „ of yellow 

Bed on full blue , 44 „ of red 

The fact that in all these ten sets of experimental results, a curve 
IS obtained based on the pnnciple that equal increments of sensation 
requiLO increments of stimulus in geometnool progression, materially 
broadens the empincal generalisation based on the observation work 
for the shading of white into black 
Can we not, however, bring the results yet further into line and 
express them all as portions of a single curve exhibiting the relation of 
visual stimulus to visual sensation 1 
It u well known—largely through tiie valuable work of Sir Wm. 
Abney—that the luminosity of any colour may be measuzwd by 
matching it with a grey * I have thus determined the luminosity of 
my coloured papers m terms of greys pfroduoed by sectors of the black 

• See Ahnsy, •Eoy.Soc froc,* vol 87,No.48e,p XIS . 
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aiid white employed for continuous shading* In other words, their 
physical luminosity was assigned m terms of the arbitrary scale The 
approximate means of forty observations are given in each case, the 
variations fiom the mean ranging from + - 1 per cent for full 
blue to + - 3 per cent for yellow The following table gives these 
approximate means—the brightness or sensation luminosity being 
taken from tlie blaek-uhito curve through 12 per cent mid-point, 
which affords oui scale of sensation 


ThyHicsl 8eiiiiation 

lutiuwMitty luuunoaity 


Full blue 

0 per cent 

white 

44 0 per cent 

Hod * 

18 „ 


59 0 

Light blue 

30 „ 

11 

710 „ 

Orange 

35 „ 


74 5 „ 

Yellow 

72 „ 

ft 

92 0 „ 


The values so dutei mined arc indicated on the uccoinpanying graphic 
reprcsontcition of the black-i^hite curve 


FiO 3 



It is now an easy matter to compare the portions of ther curve 
Uenited by any determined luminosities, with the whole curves 
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obtained by directly experimental methoda That portion of the 
curve, for example, which lies between black and the luminosity point 
for led may be compared with the curve for red on black, and similarly 
the romamiiig portion of the curve with that for white on red We 
have to deal with the parts of the graph blocked off by dotted linos m 
fig 4 For convenionee of comparison those are m the following table 
converted into mid-point percentages 




Yellow on ]>lack 

Laminusifcy 

inrthnd 

13 8 

McHihod 
of shading 

135 

Orange on black 

18 6 

180 

Light blue on black 

19 7 

ido 

Ked on black 

23 6 

230 

Full blue on black 

29 5 

28 0 

White on full blue 

24 7 

25 0 

White on rod 

30 6 

300 

Orange on full blue 

35 4 

36 0 

Yellow on light blue 

39 1 

40 0 

Ked on full blue 

43 0 

44 0 
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If theBO results be accepted as giving a sufficiently close agreement 
it follows, first, that for colour shading the percentages of stimulus 
required are dependent on the physical luminosity of the colours 
employed, and secondly that all tho data obtained by the method 
of shading can be plotted on a single curve which exhibits the relation 
of stimulus to sonsatioii in visual impressions It also follows that 
if the intensity of illumiuation of a disc for Avhite-black shading be 
so reduced as to lower its luniinosity to that, say, of orange under 
full illumination, the midpoint value will be tho same as that for 
orange on black I am instituting experiments to test the accuracy 
of this result, but they are at present incompleto 

Incomplete too are oxponments on tho method of least porceivalile 
difference 

I find that under cot tain conditions of illumination and at a given 
distance from tho eye, the amount of white necessary to give a just 
observable grey ring on a black fbst is approximately 0 1 per cent, 
while under the sumo comlitions the amount of black necessary to 
give a just observable grey nng on a white disc is approximately 
1 1 per cent I behove, though I cannot assort with confidence, that 
the least perceivable amounts of white on an intervening senes of 
greys ate such as to give a geometnoal sunos But I find this method 
of least perceivable increments of sensation—l>i«g though it does at 
the very Ijbsib of so much psychophysical work in the piwt—far from 
easy of application, since the required increments aio small, and since 
It is difficult to say what is just perceivable The extremes I havo 
quoted indicate a geometrical senes of 240 stages, with a mid-point or 
nearly 23 per cent of white—M-^hich is nearer the results with the ring 
discs than those obtained by continuous shading, 

1 have also attempted to chock the foregoing luminosity determina* 
tions by finding tho least porcenable amount of coloured paper on a 
black disc On the assumption that the amount required is inversely 
proportional to the luminosity, the results obtained are not very 
different from those above given But since I do not regard these- 
results as oomparablo in accuracy to those obtained on Sir Wm 
Abney^s method, I do not think it necessary to quote them hero 

I have now described the experimental work on which a purely 
arbitrary scale of visual sensation in relation to the exciting stimuli is 
based It IS mainly founded on an appeal to my own eye, uhich is 
fairly normal with regard to colour sensation Unquestionably it 
d^ads on the personal equation. But I have now only to determino 
the luminositieB of any coloured surfaces, and I can by reference to the 
scale oonstruot a disc which shall gi\e without further experimental 
work an even shading of the one into tho other For example, I had 
not experimentally determined the mid-point for the shading of light 
I4tte orange By calculation the mid-point should be 48 9 per 
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cent A diBC with 49 per cent was constructed and shaded quite 
satisfactorily At the same time all 1 venture to claun is that the 
general principle is correct For other eyes the mid-point of the 
black'white scale may differ somewhat from the 12 per cent, which 
for me gives the best results For them the luminosities of the colours 
may be slightly or even markedly different But J l)eheve that if the 
lununoBities be determined on their scale it n ill ho fouml that for them, 
too, equal increments of sensation are duo to increments of stimulus 
in geometrical progression 

I have not so far adequately correlated my own results with those 
obtained by previous obseri'ers I legard the investigation as still 
incomplete, and think that this important part of the work should be 
reserved as an apjiendix to follow the presentation of independent 
observations A few words may lie added in conclusion, however, on 
the 1 elation which the empirical scale of sensation may hold to an 
absolute scale based on certain assumptions 

It will be romembored that for pui poses of comparison with the 
black-white curve colour luminosities wore determined and recoi'ded in 
terms of the arbitrary scales Sir Wm Abney's determinations are 
in reference to an absolute zero, his black having a 'i alue of about 3 3 
Let us assume that the absolute zero of stimulation lies a little less 
than 2 per cent, or more exactly 1 87474, below the arbitrary zero of 
my curve, and let this amojimt be added to the stimuli throughout the 
scale, BO that the white becomes 101 87474, the mid-pomt 13 87474, 
and so on On this assumption the arbitrary scale becomes, so far as 
stimulus 18 concerned, an absolute scale And on this absolute scale 
of stimulus, the sensations, + some uudotormmed constant, form an 
anthmetical senes, while the stimuli which are in relation to them 
form a geometneal senes In othei words, the addition of this 
constant; to the summed increments of stimulus at any stage of the 
scale causes these summed increments to fall into lino as the terms of 
H geometneal progression The stimulus value of our mid-poiut on 
the absolute scale is the geometneal mean between the values of our 
extremes on the same scale. On Uua ammptwny therefore, and 
hetwem ilisse hmtis, Weber's Law and Fechnor’s expression of it hold 
good 

Fechner’s loganthmic law, however, involves other assumptions It 
involves the assumption that some unit of stimulua 1, gives sensation 0, 
and that below this threshold of sensation there range an indefinite 
senes of sensations or quasi-sensations of negative sign. And, pushed 
to its logical conclusLOD, it further assumes that the logarithmio law 
holds good throughout this negative series 

Kow It is clear that no studies m sensation can throw light on what 
lies below the threshold of sensation. But phynologioal reseatoh may 
affcard data for the continuation of the curve into the subliminal lejgion. 
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The valuHble and important re&earohes of Dr. Augustus Waller,^ on 
retmol stimulation and eleotnoal response, seem to indicate that near 
Its lower limit the curve becomes cngmoidal The stimulus has to 
overcome a oertaiii amount of physiological inertia before the normal 
sweep of the oniwe is established 

For a time I believed that I had obtained evidence of such a 
sigmoidal flexure near the origin of the curve in my experimental 
work on shading Hut further obseivation led me to the conclusion 
that if it exist within the limits of my curve, the method of investiga¬ 
tion 18 not Bufticioutly <lc1ieate to establish its influence 

Apart, however, fiom the expoiimontal evidence which Dr Waller 
adduces in suppoi t of the sigmoidal cun o, and apai t from the general 
considerations i^hich he suggests in iaVoui of such a change of sign, 
some such assumption seems to lie well-nigh necessary if we are to 
attempt to give a compiote lurve, which noax the threshold of sonsaiion 
does not laiul us in the maze of difiiculties aiming from the asymptotic 
character of a wholly logarithmic lurve Theie is nothing therefore 
extravagant in the assumption that the origin of the completed 
sigmoidal curve sliould lie placed in round numbers 20 per cent below 
the arbitrary zero of sensation, and that this amomit should be added 
to the terms of the sensation senes on the arbitral y scale in oitler to 
convert it into an absolute scale of physiological roaponse This is 
indicated in fig 5, which represents the hypothetical continuation of 





the curve, on the assumption of sigmoidid curvature, beyond the linstts 
of aOnsoty observation The part of the graph blooked off by dotted 
Hues shows the lower part of the em{Anctil carve, the absolute aero 
• flw * Bvsih,* vd $8, Bart 1, p 80 (1800) 
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of stimulus being placed in round numbers 2 per cent below the 
arbitrary zero, that of physiologual response in round numbers 20 per 
cent below the arbitrary point of ongin (O') of the empinoal curve 
At the same time this 20 per rent estimate is little better than a 
guess I am of opinion that the time for an absolute scale is not 
yet, and that an empirical gonerahsatioii in dose touch with observa¬ 
tion and eiqionmctit, such as that on which my own curve is l»aeed, is 
more likely to bo helpful as a guide to fuither investigation than a 
wnler law iinolving ussumptions the validity of which is doubtful 


* The Yellow Colouring Matters accompanying Chloropliyll and 
their SpwtroHcopic liclations. Part 11 ” Ky C. A Schunck 
Communicated by Dr E Schunck, FKS Kwewnl Juno b, 
—Road June 20.1901 

[Platkr 5 6 ] 

In the former investigation^ the yellow colouring matters, generally 
knoun as the xanthophyll group, which accompany chlorophyll m the 
healthy green leaves, and which are extracted along with it by moans 
of alcohol, wore separaterl from the chlorophyll by treating the 
alcoholic extracts with an excess of animal charcoal m the cold, b}^ 
which means the chlorophyll is absoilied by the charcoal, leaving the 
yellow colouring matters in the alcohol On investigating this crude 
yellow solution it became evident that more than one colouring matter 
was present, and I now give the results of the experiments I have 
made in the endeavour to further isolate the constituents of this group 
by moans of carlion bisulphide, which method was adopted by Sorbyt 
in his investigation of the different colouring matters present in plants 
The crude alcohobc extracts of the accompanying yellow colouring 
matters, which I will for the future term tlio xanthophylls, can be 
obtained either by the above method or by boiling the chloroidiyll 
extracts for three or four hours with caustic potash or soda (10 grammes 
to 1 litre of solution), allowmg to stiuid, and shaking up with ether, 
which takes up the xanthophyUs unaltered, whereas the ohlorophyll is 
changed to an alkali compound of alka-ohlorophyll, which is insoluble 
in eUier, but soluble in water, the ethereal solution is then evaporated, 
and the residue dissolved in dcohol From either method of prepare* 
tion the same results are obtained 

These crude yellow alcoholic solutions of the xandiophylls shoW| as 
a general rule, four distinctive absorption bands m the violet and ultra¬ 
violet situated between the lines F and L (Plate 0,0,2), imy indioatian of 

• * Key See Fmc,,* toI, 05, p, 1T7 
t 'Boy. SOQ. PhM5.,* vd. a],,p. 466« 
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a band u) the red being due to a tmce of chloiophyll that hag not been 
removed, but in gome ingtancoe depending upon the partieular plant 
cxpenmented with, and the same plant at d^erent geasons, The fourth 
and most refrangible band im extremely faint, if not absent (Plate 6, 
F, 1) This vanatiori of the spectrum I failed to observe m my former 
experiments, and its significance will be appaient later on As pointed 
out in my former investigation,* in some instances only the first two 
01 three bands are visible, the rest of the violet and ultra-violet being 
obscured by a yeUow colouring matter producing general absorption, 
but no bands, which, accoiding to ii^uxby, belongs to his Lichnoxanthine 
group, and corresponds to the so-called xanthophyll of Tschirch* In 
such cases a separation can he effected by agitating with ether, and the 
lulditioii of water, the colouring matter causing the obscuration 
I emainmg in the watery alcoholic solution In every case the extent 
of the ultra-violet visible vanes, depending, as liefore, upon the par¬ 
ticular plant eiqionmented ujion and the same plant at different 
seasong 

Most of the piesent oxpenments were made with alcoholic extracts 
obtained from Fv'na Canru and Ftcm Rejima^ both of which give a very 
excellent chloiophyll spectrum, pointing to the presence of very litUe 
acid in the juices of the leaf, and, as the presonoe of acid affects the 
xanthophylls, it is oi importance to prevent complications to experi¬ 
ment with a plant that is more or loss fiee from acid in its juices, a 
delicate indication of which is the condition of the chlorophyll spoc- 
trum of the alcoholic extrfict, whether normal oi not, for the least 
trace of acid will cause the fourth chlorophyll band to become pro¬ 
nounced instead of ajipearuig very faint The observations of the 
absorption spectra were effected as before by means of photography, 
quarts lenses and an toeland spar prism being used, and the source of 
light was a Welsbach incandescent gas mantle of 60-oandle power 

The method of procedure was to agitate the crude alcoholic solution 
of the xanthophylls from which the chlorophyll had been removed by 
one of the above means with sucoessive equ^ volumes of CB:i until no 
more colounng matter was taken up by the CS^, each volume of GB, 
being equal to about half the volume •of the crude solution experi¬ 
mented upon. By this means we have the colounng matters capable of 
being taken up by CSj divided into peveral CS^ portions or fractions 
(which vaned from six to twelve according to the concentration of ihe 
crude solution) according to their relative solubility, leaving m the 
otoohol those colouring matters which are more soluble in it than 
inCBa. 

On examining first the alcoholic portion from which the dissolved 
0^9 bad been evaporated by gentle heat, it u found to be a paler 
yellow than the crude solution and to give four absorptum ban^ in 
* ^ fioy. Boa. vol, 65, p 161 
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Uie violot mi ultra violet, the iirnt two and least refrangible of which 
are slightly but dintinotly shiftcxi towards the violet oonipai od to the 
first two liands in the cnide solution, while the other two occupy 
approxixoatoly the same positions (PUte 5, A, 3), but it is only m a few 
instances they are plainly visible on the photographic plate, usually 
they are more ot less obHciiied, only the lirst l»arjd being distinct and 
well defined (Plate 6, h\ 2) The obsniiation is no doubt due to the 
yellow tolouriiig matter liefoi e mentioned, the greater (jiuntity of which 
remains in the alcohol after the CS^ fractionation, being more sulubli 
ill the formei than in the lattei Its presence in a (oimiderable 
quantity tends further to obscure the bands, and it cun then be 
detected at once by the alcoh(»h( solution after fractiunalioii, being 
mote of a sliaw <oloui than the usual ptUe yelh^w This specbinm is 
not stable, lor, aftoi standing a tew days the least ieft augible band 
fades and hnally diaappeat s, tUid, aftei a finthci lapse of time, the other 
throe bands, moie especially the third and fouith, became inleiiaihed 
and well defined, the lest of the nitrwiolot being olisiuied (Plate 6, 
F, 4), but 111 some cases when tlieio is \eiv little obsciuuUon present, 
liti additional iNiiid is discernible in the ultra violet (Plate 5, A, 4) 
This change, howevet,oiily takes place, as a i tile, after fraitiouation, as 
the crude solution <an be kept a consideiable time without any change 
taking place, pointing to the lapabiliiy ot one colouriiig matter iii 
protecting a less stable one in a mixtuie The same ohaiige, however, 
can be effected at once by mkhng a veiy siiuill quantity of HCl to the 
alcoholic portion, when the colour of the solution immediately becomes 
a [udei yellow, but iii a few houis dl the bands disappear and 
tlie solution boi^omts a peacotk*bluo tolour which, in a day or two, 
likewise fades leaving the solutum hnally colouiless This blue 
coluiation is a cbaiuctoristie of the colouring matter left in the 
alcohol aftei fi actioiiation Ily agitating the aliobohc portion with 
ether and adding water till a sepatation takes place, the ether takes up 
the greater quantity ot the colouring matter, and, on spontandous 
evaporation, an amoiphous lemon-yellow substance is deposited which 
also gives this same spectrum The lust of the CSj fractions when 
taken into alcohol iii some cAses likewise give this spectrum 

The question whethei the noimal spectrum of the alcoholic portion 
represents a single colouring matter I have been unable to decide 
defimtely by spectroscopic means, but I think the above facts tend to 
|ffove that on standing or by the action of HCl a definite (oloimng 
matter is formed therefrom gmitg the above changed spectrum, and 
from it, by the further action of acid, a blue colouring matter is pro- 
duced. I also think the experiments tend to show tlwt iinn ecdounng 
matter does not pre-exist iii Uie loaf, but is fomed sahsequetitljr, either 
spontaneously or hy the action of the amd juices danng or after the 
process of extraction, which is supported hy ^e fact t^t from exteaots 
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of such IcHVOB as i\y and Virgimu ciecpoi that eoutain much acid in 
their juices, us evidencod by the condition of thoir chlorophyll 
spectrum, the alcoholic portion exhibits this changed spoctiiun, but if 
means be taken dunng extraction to neutralise the acid the normal 
spectrum is obtained 

Sorby considers* that the alcoholic portion, in addition to his 
hchnoxanthine, contains two toiounng matters which ho terms xanth(^ 
phyll and yellow xunthophyll, and that the action of acul on the laiitn 
produces the lobnning matior giving the above changed spectrum and 
aftei wauls the blue coloiation 

ITie CSj fi.u turns weie ovuporatod at a gentle heat to dryness, and 
Uiken up with ilcoliol aiul oxauimed succcrisively In the hrst tme 
or two fiactirms the ulUa violet is visible to a considerable extent, the 
spectrum lonsisting of three prononiueil well-defined bands, which are 
slightly nhiftod, nioie espenally the fust towards the lod end as com¬ 
parer! to tlio hrst three lunds in the enuJr* solution, the fourth Jjand 
being absent The subsequent fiactions one by one ti uisnnt less and 
leas of the ulti a-\ lolet, the thieo Ixuids aie gnidiinlly shifted little 
by little towauls the Molet in Hiieoeoding fiactions, the first band 
gradually becomes fainter, while a fourth barul mojo lefi.utgihle than 
the other thiee, makes its appearaiut and la comes intenser as we 
pass from fiaction to ft action, and it will be found that one of the 
lattoi fractions coiiesponds m its speciiuiu to that of the crude 
solution (Plate 5, B, 5) I^astly the hnul tractions as a rule exhibit 
the spectrum produteil by itid on the alcoholic puition, the lolounng 
matter to which it is due apjx*anng to bo more soluble in CSs than 
in alcohol The gi*oatei fj/irt of the (r»loming matter is found m the 
first two 01 throe fiactions, which aie coloiued a nch yellow, the 
suGOeecbng fractious liecomuig palet and fialei until the final fiactions 
are almost colourless, and in oidci to exhibit thou spectia have to lie 
greatly conceutrutud 

The interpretation of this Boiies of spec tia is, 1 believe, that the 
crude solution is a mixtme of ehiysophyll and the colouring matters 
or matter remaining in the alcohol aitei fiactionation, tugethei with 
the colouring matter funned from the lattei by the action of acid* 
For on comparing the spectuim of tlie fust fractions with that of 
ehryeophyll they arc Hlentica], save that the Imncls in the former are 
very sbghtly shifted towanls the violet (Plato 5, D, 1- 2), these first frac¬ 
tions alM transmit the ulti a-violet tu a considerably greater extent than 
does the crude solution, which, together with the three pronounced 
hiindB, u a cbatactonstic of chrysophyll; and further, if we mix chryso- 
phyll and the oofounng matter ronuiiiang in the alcohol after fraotiona- 
don together, in propei proportions, the spectrum obtained is idenUeal 
wMi dmi of orude solutiou (Plate 6, £, 2 and 3) Likewise, I believe, 

* ' Aoy. Boo. ProoV vof* 2i> p 450 
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the various fractions contain these same colounng matters m different 
proportions, depending upon their relative solubility in CS^ and alcohol, 
which IS liorne out by the slight differences in their spectra, as we {>ass 
in rotation from the first to the last fraction Chrysopbyll, as is well 
known, is always found deposited in the from of sparkling red crystals 
from the crude chloroph}!! extiucts when concentrated sufficiently on 
standing, but m one case only have 1 lieen able to obtain the ei*ystal& 
from a crude solution of the xauthophylls aftoi remoMug the chloro- 
jjliyll, though I have made many attempts The failure m this respect 
may perhaps be at counted foi by the very great difficulty there always 
IS in oven lo-crystalhsing this substance 

That the bands are not quite in identical positions is admissible, for 
one cannot obUin a complete separation by a method that depends 
upon the lolativc solubility of its constituents m two solvents, so that 
we should expert to find in the first fractions a little of the other 
coloui mg matters (which tend to produce the shifting of the bands), 
together with the greater portion of the chrysophyll 
From the above results it is, I think, evident that chrysophyll pre¬ 
exists, and 18 not formed spontaneously from one of the colounng 
matters of the loaf ^is has been held by some obsen'ers, and that it is 
one if not the c hiol constituent of the xanthophyll group of yellow 
colounng matters, m compun^nug chlorophyll in the healthy green leaf 
Chrysophyll evidently corresponds to the oiange xanthophyll of 
Sorby,* which he states is one of the most universally distributed of 
all vegetable colounng matters, occuriuig in gi eatei or less (piautity in 
all classes of plants, including fiuigi 

The action of acid upon the spectium of chrysophyll, the first CHs 
fruetiouH, the alcoholic portion and the crude solution of the xantho- 
phylls is instructive when compared together, and tends further to 
confirm the above view taken of the constitution of the crude solutiim. 
If a small quantity of HGl be added to each, the effect upon the 
chrysophyll spoctium and that of the first Cfij fractions is to oanso 
the Imnds to fade and the solutions to become gradually eolourless 
(Plate 6, O, 1 and 2) In the ciude solution the effect is to cause the 
first band to become faintei and the fourth darker, even thou^ it be 
extremely faint, as 1 have pomted out is the case in some crude 
solutions The bands then after a short time fade, but the solutiou 
assumes a green colour before becoming colourless (Plate 6, 3 and 4) 

Lastly, in the uloohoho portion, as before stated, the effect of the amd 
is to remove the first band, and to clear \xg the spectrum, the ^lee 
remaining hands becoming intensified, especially the third and lourth. 
The banik then fade and the solution assumes a p^oek-^blue ookmTi 
which also after a short time fades, leaving the solution odburless 
(Plate fi, G, 5) Thus the effect of amd in em&ug the first band to Ifide 

^ * Bqy, fioe. Proo.,* vol* 01, 4S7 
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and the fourth to intensify in the crude solution, together mih its 
effeot upon the alcoholic portion and ohiysophyll, is m accordance with 
the view that it is a mixture of the two I also think the action of 
amd upon the spectrum of the alcoholic portion explains the ongin of 
the fourth band in the cntde solution and its appearance in the later 
CS |2 fractions, and conclude timt it is due to the colounng matter 
giving the changed spectrum, and formed from the alcoholic portion, 
either spontaneously or by the action of the acid juices during or after 
extraction, and that its variability in intensity depends upon the 
amount of this colounng matter formed If there be but little acid 
present, or if means be taken to neutralise it dtinng extraction, then 
the band will appear, but faint, and in some cases perhaps absent 
The green colour assumed by the crude solution is no doubt duo to 
the formation of the jioacock'blue colounng matter, which, mixed with 
the yellow chrysophyll, causes the solution to appear green 
From the above exponmonts I was evidently in the wrong in the 
former investigation in considcnng that the four^banded spectrum 
exhibited by the crude solution of the xanthophylls represented a single 
colounng mutter, to which I rostneted the name Xanthophyll, and think 
now the right interpretation is that this spectium is duo to a mixture of 
colounng matters, the chief constituent of which I have been led to 
believe from the above facts is Chrysophyll, the only member so far of 
the accompanying yellow colounng matters, I believe, that is obtainable 
in a crystalline form 


EXPLANATION OF PLATES 
(The solvent in every case is Alcobol) 

Plate 6 

Xantbophylb obtioinod from an extract of Ftevs lu llie month of 

February — 

A. (1) The first CSj fraction 

(13} The thirteenth and final fraction 

(3) The alooholio portion, showing m this experiment four distinct bai ds. 

(4) The above + HCJ, in this expenmout showmg a distinct fourth baud. 

B Some of the CSs fractions in alcohol — 

(1) The first} (2) the second} (8) the fifth, (4) the seventh, (6) the 
ninth. 

a (1) The first CB, fraotion 

(2) The orudo solutinn of the xanthophylls 

(8) A fsuv^Nre of tbs first CTS^ fraction and the aicoholio portion 

(4) The aloohoho portion 

Compariecn of— 

(1) The first 09s 

(2) Chrysophyll 

(8) The crtiide solution of the xanthophylls m which the fourth band m 
this mstanne is faint* 

yoL utvni. 2 M 
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1C< XttstFbophjlliB obtained from an extract of JTioit* S^pea* in the moiiih of 
May — 

(1) Gliryeophyll obtained from the crude lolution of-the xanthd^hylla 

(2) Crude aolution of the znutbophylls 

(8) A mixture of chrysopUjU and the alcoholic portion 
(4 and 6) The aloohoho portion qf different Btrengtha, ahowing a aligl t 
obacuration 

F ^anthophylla obtained from an extract of Ficug JKepaiM in the month of 
December — 

(1) Crude aolution of the xunthophylls , a caae in which the fourth baud 
18 almost, if not, absent 

(2 and 3) The alcoholic portion of different strengths This is the usual 
appearance of thia spectrum, shoving the bands more or lesif 
obscured 

(4) The aloolioho portion after alandiug a little time, the spectrum being 
the same as that produced immediately by the action of IICl 

C The action of HOI on the xanthophylls — 

(1) The first CSjj fraction. 

(2) The first OS} fraction + HCl 

(3) Crude solution of the xonthophyDs 

(4) Crude solution of the zanthophylls -f HCl 

(5) Alcoholic portion (F — 2) + HOI. 


*'On Skin Cmiejits—I'art I. The Fiog’s Skin” By Augustus 
D Waixmi, MDi rUS Bcceivol May 29,—Read June 6, 
1901 

The principal object of the following observations was to investigate 
in the case of skin an olootiical reaction by which it is in general 
possible to dotorraine whether an animal or vegetable tissue is ^ve or 
dead* 

A Bide issue raised iii connection with the general mquiry waa 
whether or no the tost is applicable to the humiui body, this obvioiuly 
led to a detailed study of skin effects upon man and upon ammals. 

In the case of the frog, previous observations on akin ourrents atw 
numerous and conflicting , but in so far as my pNsaat Oeme Is con¬ 
cerned, the results have come out with the nteiost legidafiiyr imd quite 
clear of any suspicion of physical fallacy, im USSe ^ UgUm, the 
question has proved to be less simple, and e^ili(>n|h it |»«i^todis< 
tinguish between an assuredly Imng and an atsuradly Ses^ jiftse 
skin, it IB far from easy in doubtful* cases to «»»kf SBre that^ the skw 
18 completely dead The difficulty is oaua^ pSfsdiKUAiai ennmyto 

• 'Boy, Soc Proovol 68, p 79. to Jf^dovs Wsn •>* !»»•* 
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with or against a re^vctioii of low E M J, and is not eluded as easily as 
nught have been anticipated by the use of alternating currents. Thus, 
^ g , while it is easy to assure oneself that a healthy skin may survive 
for at least a week, one may not feel assured that it is absolutely dead 
at that time, and iii the case of skin obtained from the post-mortem 
1 oom 24 hours after <loath, m hilo on© may l>e quite sure that a given 
«km 18 still alive, one may not be so sure that another skin is com¬ 
pletely dead 

For these reaaoiis I have prefotred in the present commumcation to 
flescnbo only the \ cry clear and easily demonstrated results of direct 
excitation of the frog's skin And in connection with those clear and 
regular results, I take the opportunity of descnbing the more variable 
and dehateablc lesults of the indirect excitation of the same skin 
through nervous channels 
* 

Mkthod —The method hv duett excitation m aa has boon previously 
dosci died and hgured m the case of a vogetablo tissue,* a pece of 
frog’s skin laid on a perforated glass or obouitc plate in place of the 
seed between the unpoiaiisalilo electrodes, winch seive for the exciting 



current aud subsequently for the excited current For the purposes of 
the description to follow, the skm is to be pictured as if with its superior 
or external surface A directed upwards, ui which case a current from 
the internal surface £ to the external surface A, or an “ outgoing " 
current is ascending or positive, and an “ingoing” current from A 
to 6 descending or negative Excitation was made by single induction 
shocks, by senes of alternating induction shocks, and by condenser 
dtschargei. The direction of exciting ourrents was alwaya determined, 
riie effects of polarisation were tested for, the electrodee m portioolar 
being always examined for polansation, '‘anomalous* oi positive, aa 
w«31 as ordinary or negative 

D yf^loa e,i,p 8S,fl(.l. 
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To obtain the elFeota of indirect excitation two kinds of nerve-akin 
preparation were used—(1) That of Boeber* and of Engelmann,t 
consisting of the sciatic nerve, knee, and skin of log, (2) that of 
Hermann,! consisting of spinal column and skin of back 
In the case of indirect excitation, the response was observed during 
and after excitation In the case of direct excitation, the accidental 
skm-current was exactly compensated, and the skin was excited while 
the galvanometer was short-circuited, the galvanometer was put into 
circuit between 1 and 2 seconds after excitation. 


BESULTa —1 The normal current is negative (ingoing) It regu¬ 
larly increases during the first 15 to 30 minutes after the skin is 
put upon the electrodes. The ordinary value of its E M F is from 
001 to 0 10 volt, eg — 


Timo 


VoUnge of • 
current 


0 mm — 0 0010 

10 „ -0*0060 

20 „ -0*0266 

80 „ - 0 0380 


A lively skin gives greater current than a poor skin Nevertheless, 
the former may, at the outset, exhibit a small current by reason of a 
positive (outgoing) effect duo to manipulation The latter gradually 
subsides, and negative current therefore gradually augments 

2 The normal response to diiect excitation is positive (outgoing) 
The excitation may be mechanical or electrical, by a condenser dis¬ 
charge or by an induction shock, in a positive or m a negative 
direction. 

The response is greater and smaller with stronger and weaker exci¬ 
tation The initial positive frequently gives place to a subsequent 
negative phase, or a positive interrupted by a negative phase may be 
witnessed In such cases comparatively weak excitations were used 
With strong excitation the positive response is very persistent, and 
there is a marked deflection-remainder ” 

The positivo response to negative excitation generally exceeds the 
positive response to positive excitation 
Tetanising currents of alternated direction give positive response. 
The response to a single bieak shock exceeds that to ihe corre¬ 
sponding i^e shock with the ordinary arrangement of an mduction 
coil 

The response exhibits the phenomena of summation and fatigue. 
It is abolished at temperatures above + 45* or bedow - 6* and fay 
mercuric chloride. 

* Boeber, * Da Boif-Beyino&d*i Awhir,' p aS5. IW* 
t Bngelmsaa,' MSger’* Arohiv,* vol 6, p 127 1672. 
t Hermann, * Pflttger't Arohiv/ vol 17, p 262. 1876. 
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A| outgoing refiponM to outgoing exiifation (outer surface kathodic), B, outgoing 
reiponie to ingoing excitation (outer lurfaco anodic) The outgoing reeponee, 
Bt u precedod by a brief ingoing effect, honiodromo with tho exoitmg current 
The excitation » by eingle break mdnotioti ourrcnU, 1000 •r, 1000 6000 -f , 

6000 



Folyphauo effect of direct excitation Out—m^^ut Besponse of thit typo ih 
infrequent The usual effect (or after effect) is a strong or predominant 
outgomg effect, as shown in preceding figure 


Influence of Baued Temperature upon Direct 
Keeponse of Frog’s Skin 


Time 

Tmp 

Tetsn 1000-t- 

Telan 1000 *.» 

0 nuns 

*0® 

+ 0*0200 

+ 0*0280 

40 „ 

JW° 

.+ 0*0260 

+ 0*0880 

50 „ 

40“ 

+ 0*0020 

+ 0*0005 

55 » 

f 

i 

1 

+ trace 

— trace ' 

. 1 
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Influence of Lowered Tempcratuio upon Direct Hcsponse 
of Fiog’s Skin 


1 

' Time 

Temp 


Totnn 1000- 

1 inina 

18“ 

1 

-0 03 ‘ +0 0142 

+ 0*0083 

1 

10 '* 

1 -f 0 0126 

40 0086 

i 

0 " 

-0 01 40 0076 

+ 0-0086 

1 it 

-2“ 

{ 40 0042 

+ 0 0060 



i 40 0028 

+ 0-0035 



1 tepontaneons -f 0*0035] 

' 60 „ 

-6° 

-0 00 4 0 0016 

-o-ooio^ 

j 

1 

-r j 

; -0 0006 

1 1 

+ 0 0006 


• To Binglo break ihoekfi 10,000 + and 10,000 —, Thoro waa no retponse 
to 1000 + and — 

I^oie —At —0“ there was a sudden positive deflection, of eleotroznotive source 
and not due to any sudden alteration of resistance, presumably indicative of 
eacitation at the instant of eongelation 

The signs ^ and — os regards tetanisatiou by alternating induction mrrents, 
refer to tlie direction of tlio brook shook Thus 1000 H- signifies 1000 units of 
Berne scale, break shock outgoing (and make shock ingoing) through the skin 
With a dead skin, the dofieotions due to polarisation are m the direotion of thi 
bresk current, presumably by reason of superior polarisation by makes over breaks 
(Cf ‘ Proo Physiol, 6ooNovember 18,1898 ) 

With skin in this state, strong single shocks give rise to the ordinary polmnsation 
counter euri'ents. 
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Some Data regarding Magnitudes of Effects of Direct Electrical 
Excitation of Frog’s Skin 

(Interval between Excitation and Galvanometer Closure = 2 Secs ) 



]* xutation 

Rcuponse 


1 Broak lud notion f nrrent 100 + 

+ 0 0060voL 


loo- 

+ 0 0010 



1000 

+ 0 0560 



1000- 

+ 0 0850 



10.(K)0 + 

+ 0 0700 

n 


JO.OOO- 

+ 0 0000 

II 

8. Break 

1000 + 

+ 0 0330 



1000- 

+ 0 0420 

1 


50004 

4 0 0860 



fiOOO- 

+ 0 0820 

1 

3 Make . 

, 1000 + 

+ 0 0045 



1000- 

+ 0 0016 


Break „ 

, 1000 + 

+ 0 0140 



1000- 

40 0160 

I 

4 Make „ 

s500 + 

ml 



500- 

1 ml 


Break , 

„ 500 + 

+ 0 0035 

*» 


600- 

tO om 

1* 

Make 

1000 + 

+ 0 0160 

tr 


1000- 

-1-0 0066 

It 

Braak 

M 1000 + 

+ 0 0370 

II 


1000- 

+ 0 0500 

11 

5 Condenser dis* 

8 volts 1 mB *r (*« 640 ergs) 

+ 0 0100 

If 

charge 

>1 If 

+ 0 0100 

If 


8 volts 01 mK + { w 04 ergs) 

+ 0 0(U5 

l« 


»» 1* If 

1 

+ 0 0008 

II 


S B —The iign iigniflos outgoing direotion, the — sign ingoing direotwn. 


3. The electrical i espouse to indirect excitation of the nerve of a 
nerve-skin pr^ration is of thiee types— 

1. Positivo or outgoing 

TT M J” (“ ) inten upted by negative 

* 1 (i) Negative followed by positive 

III. Negative or ingoing, 

I have in no one instance witnessed the three types upon the same 
preparation, and may not therefore definitely say that they form three 
progreenve stages Nevertheless, I regard a positive response iff 
type I as being the most normal, it having presented itself with the 
beet preparations, and type III as tbe most endunng, it having 
laut decline in consequence of repeated stimulation. I 
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have seen a response, positive at first, give place to a negative effect , 
and lu the case of a mixed response of type II, I have seen a 
decreasing positive phase with an increasing negative phase The 
entire senes of responses is strongly suggestive of the theory that 
each effect is an algebraic sum of two opposite effects 

The positive effect by indirect excitation throu^ nerve is leas 
enduring than the negative effect A second is always much smaller 
than a first positive effect 

Skin giving a mixed or a negative effect by indirect excitation has 
nearly always given a pure positive effect in response to direct excita¬ 
tion of whatever direction 

4 The interval of tune between excitation of nerve and eloctncal 
response of skin is about 2 seconds 



Electrical rccponce of akin of frog’s leg to tetanic exultation of the sciatic nerve 
(N B —The response is ingoing, le, ** Hermann's Tonation”) 


5 The electrical conductivity of the skin is greatly augmented by 
direct excitation This point is not in itself very remarkaUe since the 
alteration might be simply due to electrolysis But the physiological 
origin of the change is indicated by the fact that dead akin similwly 
excited exhibits little or no change and by the fact that 
6 . The electnoal oonductinty of skin is greatly augmented by 
indirect excitation through nerve 
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Influence of Excitation of Nerve upon Eleotncsl Beristanoe 
of the Skin 


Kxp 

Rosiftanoe befoie 
excitation 

SeeietanoB after 
excitation 

1 

2600 olima 

1000 obrot 

2 

2800 , 

1400 „ 

S 

2500 , 

! 1600 

4 

4800 , 

2400 „ 

6 1 

j 3000 

1 9000 „ 


' 4000 .. 1 

1 1800 

^ \ 

i 3900 , j 

1800 .. 

_ 


1 


yote —Tn all except the 5th experiment, excitation of tho nerro gave a large 
positiro leeponie In the 5th experiment, there wna no roiponae and no diminu¬ 
tion of reHsifineo 

7 Atropine injected into tho dorsal Ijnnph sac has not m my hands 
abolished tho electncal response of the skinr produced by excitation of 
nerve But by direct application to tho skin tho efifect of such excita¬ 
tion has been promptly abolished There has at such time been no 
perceptible alteration of the positive response to direct excitation in 
either direction Such direct positive response has been promptly 
abolished by pencilling the external surface of tho skm with a solu¬ 
tion of mercunc chloride In soveial instances the '^Ipn, before oeasuig 
to respond altogether, has manifested a small negative response to 
both directions of excitation Tho reaction is rapidly abolished by 
HgClj solution of docimolecular strength, more gradually but com- 

M 

pletely abolished by HgCl^ « (2 7 per 1000) Prolonged (J hour) 

Hoaki^e of the skin in a freshly made 1 per cent solution of atropme 
sulphate has produced diminution of the direct response—^not much 
more marked, however, than may sometimes be observed after soak^ 
in normal saline 

8 . Tho electrical response of the skin to direct electrical excitation 
IB at or near its external surface This fact is indicated by the result 
of pencilling with mercunc chloiido solution, and conclusively 
demonstrated by the following exporunonts — 



fiKcitation of the skin through A and B, subsequent lead-off to galva¬ 
nometer A and C A large afteNeffect u witnessed, from A to C 
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through the galvanometer, whatever had been the direction of the 
exciting current —t e , with A previously anodic or previously kathodic 
On repeating the expenmont, with lead-Kiif through B and C there 
little or no effect The results are independent of the poaitiou of C, 
which may be transferred to the lower surface without altemig them 
The inefficacious combination B C is at once rendered efficacious by 
transferring B to the upper surface (It is of course understood that 
any accidental current between A and C and B and 0 la compensate<l 
before each excitation) 

The experiment may bo further varied in seveial ways, of which the 
most obvious is that in which all throe electrodes are external or 
internal 

With external exciting electrodes A and B and subsequent effects 
led off from A C and B C, the direction of deflections inchcates current 
in the skin from C to A and from C to B, t c, outgoing in A and B 
respectively, for both directions of excitation A to B or B to A With 
internal exciting electrodes and the same (moderately strong) excita¬ 
tion there is little or no effe<!t between C and A, or C and B, or even 
A and B 



Conchmim .—The two facts that I consider to be of pnncipal im 
portance as regards the further study of skin-phonomena are— 

1 That the normal current of the unexcited skin is ingoing 
2. That the normal response of the excited skin is outgoing 
The hypothesis or figment in accordance with which these facts may 
be understood, or at least romemliered, can bo expressed as follows — 
In a passive mass of living (animal) matter acted upon by its environ¬ 
ment, there must be greater chemical change at any external pomt of 
Its surface than at any internal point of its mass, and therefore an 
ingoing current In an active mass of living (animal) matter giving 
out energy to the environment, chemical change must be greater 
within the mass than at the surface, and therefore an outgoing 
current In the passive state any point of the surface is electro-posi- 
tive to any point of the interior, m the active state internal points 
become less electronegative or actually electropositive in relaUon to 
the external sui-fivce 


Bibuographical Note. 

Nmrwl Cnrreid^ vr (Jurreni o/ Best —Du Bois-Beymond,* in eonnectiOD 
with hiB investigation of muscle currents, was the first to definitely 
* * Thienidis XldctsriciUt,* 1854-'67, 
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state that the normal current of the frog’s skin is directed from with¬ 
out inwards All subsequent observers have confirmed this point. 

Indirect EmUdton, —acting upon a suggestion of Bosenthal, 
was the first to make nerve-skm preparations of the sciatic nerve and 
skin of the log, and to show that excitation of the sciatic nerve gave 
rise to an electromotive variation of the skin He observed m the 
groat majority of instances a negative vai uition of the gland currents 
in consequence of non-electncal as well as of elet tncal excitation of the 
sciatic nerve ” He mentions as an exceptional phenomenon, p 644, 
a positive variation of the iioriual current 
Engelmamift using the same method, comes to a similar conclusion, 
VIZ , that the usiul effect of indirect excitation is negative variation of 
an ingoing current He gives measurements of the effect (p 130), 
from which may be gathered that a good response in his hands had the 
value 0 025 Daniell The latent period is given as being fiom ^ to 
4 seconds. He describes the course of the vniiation as being very 
usually tnphasic (- + uhich in the terminology used m the 
present communication reads + - + 

Ho considers that skin currents ara ** mj^ogcnic/’ the effects of the 
muscular investment of skin glands He studies ^\ith jiarticular care 
the influence upon the (urrents of variations in moisture of the skin, 
(imbibition and concentration currents)* 

HermaunJ contradicts Engelmann’s theory, and, to a certain extent 
his statement of fact as regards the action current Ho gives the usual 
and principal effect as being a positno vanation of the normal current 



He states, however, that such positive vanation is sometimes preceded 
by a negative effect, and that, in rare oases, a pure positive effect is 

* Du Bou*H«ymo&d, * ArohtT,* 1960, p OSS. 
t ' FAdger's Arohir,* rd. 6, p 07, 2672. 
t ‘ FflUger's Arohlv,’ voL 17, p. 201,1878 
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observable The opposition between Engelmann’s and Heraann’s state¬ 
ments IS therefore not absolute enough to justify the statement that 
Engelmann’s variation is negative and Hermann’s positive The 
difference of statement is one of degree only, Eugelmann having been 
more prominently impressed by the outgoing phase, Hermann by the 
ingoing phase Hermaiiu considers that the chief (ingoing) phase is 
duo to glandular activity, while the piohminary outgoing phase is 
due to a short ciicuiting, ind gland ducts, of an epithelial current of 
action attributable to keratiuisatiou 

Bach and Oehler,**^ under Hermann’s guidance, observed that super¬ 
ficial cauteiisation of the skin with saturated solution of HgClj abolishes 
the normal current, and leaves the action current intact Hermann’s 
view 18 that normal cun out depends upon epithelial investment as well 
as upon glandular epithelium, whereas action currents through nerve 
stimulation depend upon glands 

Bayliss and Bradford,t emp1o3ring Hermann’s nerve-skin preparation, 
found Hermann’s vaiiation (ingoing) dunng January, Engelmann’s 
variation (outgoing) during March Thoir attention was particularly 
attracted during the last three mouths of the year to a tnphasic 
character of variation - + - (or, according to the terminology of the 
present communication, + - +) 

Ihr&ui Ejntatmi of the Sh%n ,—The first mention of definite direct 
exutation of the akin is to be foiuid m Engolmanii’s paper of 1872.]; 

Strong induction shocks were passed through the electrodes applied 
to opposite surfaces of the skin 

Compensation of its cuiTent was previously established, the galvano¬ 
meter was cut out of circuit during excitation, and the effect upon the 
skin was observed immediately afterwards The direction of excitation 
was not distinguished 

Biedermauu^ appioochea the question from the general standpoint of 
Hermg’s theory of opposite movements, dissimilation and assimilation, 
employs more particularly the frog’s tongue, finds that during direct 
tetanisation (tongue and galvanometer iii senes) the response of the 
Imng tongue may be either positive or negative according to circum 
stances, the principal of these being temperature and moisture. 

Bohlen,!! under Biedermann’s guidance, studied the gastne mucosa, 
X e , one epithelial layer m place of two, as m the case of the tongue, 
and obtained lesulte confirmatory of Biedermann’s 

lieidlf and Keid and Tolput,*^ using the skin of the eel, found that 

• ‘ Pft&ger*« Arohiv, toI 22 , p 80,1880. 
t ' Jour, of Fhjiiology,’ vol 7, p, 817,1886 
t * Pailger'fl Arohiv,’ vol 6, p. 186. 

§ ’PflUger'f AroMv,* vol 64, p 200,1883. 

II * Pauger'o Aicfair/ vol 67, p. 07,1804. 

% * Phil Trans.,* B, ISai, p. 868. 

»• * Jour, of vol. 16, p. 217,1694. 
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meohanical excitation and electnca! excitation by induction shocks m 
either direction caused ingoing effectSi occasionally preceded by out¬ 
going effects 

Waller* finds that the normal and regular response of the frog’s 
skin to any sort of disturbance—mechanical) chemical, or eieotnoal— 
consists 111 a positive (outgoing) current 

me 

05 - 



Frog’s skin. Summation of effoots of direct excitation Compensation is estabhshed 
at the outset of experiment, and left unaltered during its progrew The 
first deflection is that of 1/100th rolt The next is a trial deflection m 
response to a single break sliock, 1000 + The subsequeut effects are by 
single break shocks, 2000 —, at 2 minute intervals At each excitation the 
galvanometer is sfaort-ciicuited for about 2 seconds, and the deflection there¬ 
fore drops The summatmg scries of positiro (outgoing) etTccts approximate 
towards a maximum of about 0 03 volt. 


• * Proc Physiol. Soc / 1000. 
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Frog Airopinised b> rapeafail lojeLhoua into the dorsal ijnipih wio of a 1 per 
cent fresh solution of atropine sulphate 

Ut nerre-skjii preparation put up 2 hours later Initial tkm eurrent « — 0*0030 
Tolt Tttanisatiun of seiatio norro by Borne coil at lOOU units for 15 seconds 
at interrals of 10 minutes Senes of ingoing effects 
Tune... . 0 10 20 80 40 50 00 mm. 

Effects -oaw, 00020, 00016, 00018, 00011, 00011, OOOlO toU 

In the first tliroe responses of the upper line the galvanometer was shunted % 
in the next four responses of the lower lino the galvanometer was unshunted. 


Kofiponsc of Frog’s Skin to Indirect Excitation, 



Type I -^Outgoing or positive response 
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Virulence of Defliccatod Tul>ercular Sputum ” IJy Hakold 
S wITJn^nA^K C<Miunumoatecl by Sir Jamfs Cuichton 
JluowNE. FllS Keceivod May 31,—IJeacl June 20, 1901 


In the Bpiing of 1000 two plots of a superficial area of 44 sq feet 
each were carefully partitioned off in the experiment house with close 
mesh-wiro netting, and laid down with closely cropped lawn turf, 
which quickly grew into an even sivanl 

On the 16th ila}^ of May following, the gians of these two plots 
having been rut an bhort as possible (not exceeding a length from the 
ground surface of one quarter to one half of an inch), tlie two plots 
were wateretl evenly with 4 gallons of w^atrr, in which had been incor¬ 
porated 3 pints of diBintegiated tubercular sputum from the Bromptoii 
Consumption Hobjiit^il, 2 gallons being distrihuted over the grass of 
each plot by means of an oidmary watering can wnth a rose B|>out. 

The plots were then left for foui teen days under the following con¬ 
ditions, being designated reaiiectively as Plot “ T A ” <uid Plot “ T B,*' 
that is to say — 

Plot “ T A was eYpt:)sod duimg the whole of the fourteen days to 
all climatic uiflurncos, including the direct rays of the sun between the 
hours of 10 A M find C i’ M The weather was oxoeptionally dry and 
£ne 

Plot “ T B ” was for the same period exposed to the same conditions 
as the above, with the exception of the sun^s ra^s, fiom which it was 
carefully shielded 

On the 30th May the following animals were turned down to feed 
wpon the two plots — 

Plot “ A *’ Plot •* B ” 

Two nibbiU Three rabbits 

Three guinea pigs Three guinea pigs 

Those animals were marked as follows — 


Babbit T 2« 
Babbit T 8 
Ouinoa-pig T 6. 
Onmea pig T 7 
Guinea-pig T S, 


Both fore paws rorl 
Left foie paw rod 
Eight hind-paw rod 
Bight hind paw blue 
Loft limd^paw blue 


Babbit T 1. 
Babbit T 4 
Babbit T 6 
Guinea pig T 9 
Guinea-pig T 10 
GuLnea.pig T 11. 


Bight fore paw red. 
Bed nose 
Blue nose 
Bight fore paw rod 
Both fore paws rod 
Bight fore-paw blue 


^The idiort grass on the plots was quickly eaten down, when the 
glipund became completely bare and, owing to drought and the 
eozirtiohing of the rabbits, covered with a layer of fine dust The 
jin^TniLlg were then fed upon moistened bran, contained in dishes, and 
g^nstuff thrown upon the ground. 

The two tables marked A’* and *'B” respectively, and attached 
VOL. UCVIU. 2 N 
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hereto, show the general effect of the treatment upon each imliTidiuI 
animal Fuller details of the post-mortem leeults wore given on 
separate sheets 

Plot “A” 


Animal ' No 

Diittinrtnc 

mark 

Killed or 
died 

Summary of pott mortem 
results 

Babbit • T 2 

1 

1 

Two fort'- 
paws red 

Killed after 
0 weoke, 
2171900 

XuWculoui Disease chiefly 
eonfliicd to respiratory sys¬ 
tem Abundaut tuborelc 

1 111 lung strut lure Bacilli 

found in abundaneo 

Babbit • 


Left foro 
paw rod 

Died after 
10 weeki, 
13 8 1000 

Tuberculous lufeetion hmi 
ted almost entirely to res 
pimtory organs Lungs 

crowded with tubercle— 
(**an exaggerated form of 
miliaiy tubercle ** O T B ) 

1 Bacilli found in abundance 

G^uinea pig * T 6 

1 

i 

Bigbt hind 
paw Ted 

Died after 
12 dayi, 
1161900 

Exact cause of death unknown 
apparently overfeeding 
Too early to show sign of 
tubercle 

Quinea pig 

T7 

Bight hmd- 
paw blue 

1 

Died after 
14 wookSf 
491900 

Ooncralisod tuberculosis 

Specially marked in respi 
ratory systom and liver 
Lungs crowded with tuW- 
cular deposit Liver enor¬ 
mously enlarged, the an 
tenor portion of lobes con¬ 
solidated and caseous Ba* 
oilh found in abundsmoe 

Qumea-pig * X 8 

) 

1 

1 

1 

1 

1 

Left hind* 
paw blue 

Killed after 
16 weekj, 
1891900 

G'eneralised tuberculosis 

Lungs one mass of tuboran 
lous areas, osloareous and 
oaseating Pharyngeal 

1 glands enlarged and ealoa 
poous Pleura covered with 
tuberculous patches Spleen 
ditto Coseattng nodme on 
pyloric onflee. Oeoaebnal 
nodules on peritoneum and 
mesentery, but not so mark 
ed Lymphat&o glands of 
splenic omentum enorm¬ 
ously ei^ai^ad and easeous 














Vvridcnce of Besiccaied Tubenular Sputum, 4S7 
“PlotB” 


Amuinl 

1 

1 Distmotive 

1 2 n»i ka 

Killed or 
died 

Summary of poai moriam 
roflulte 

Babbit .. T 1 

1 

1 

Bight fore Died after 

pa'U red 25 dnys 

j 23 61000 

1 

1 

Generaliaod tuberoulosiv 

Specially marked in respi¬ 
ratory system Lungs 

crowded with tuberoulous 
areas, distributed equally 
through the organ 

Babbit 1 T 4 ‘ Red iiosg 

i 

1 1 

KiIUmI 

410 1900 

Tuberculous Abundant tu- 
berelo m lung structure 
Glands of fauces much e>]- 
Inrgrd and tuberculous 
Bacilli found in abundance 

Babbit • , ^ 

j 

i 

Blue uose . 

Killed 

4101900 

Tuberculous Lungs crowded 
with miliary tubercles 
Kidneys much enlarged, and 
ooTcred with tuberculous 
nodules Bacilli found in 
abundance 

Ghuinea pig 

TU 

Right fore 
J3SW red 

Killed 

4 101000 

Tuberculous Disease not 

marked, and confined wholly 
to rare tubercles in lung 
structure Bacilli found, 
hut m small numbers 

Oumaa pig 

TlO 

Both foro- 
paws red 

Killed 

4101900 

Non tuberculous. Organs all 
healthy 

Guinea pig 

Til 

High fore 
puw blue 

Killed 

4101900 

Non tuberculous All organs 
healthy with exception of 
lungs These much eon. 
gested and patchy, but no 
perceptible tubercle No 
bacilli found 


From the al>ove it will be soen that, elimmating one guioearjag 
which died at an early stage of the oxpenment from other caosea, 
80 per cent of the oxponmontal animals were found at death to be 
suffering from tuberculosis in a veiy marked degree, and althou^ m 
most cases this was generalised, yet in all it was the respiratory system 
in which the disease was most marked The state of many of these 
was described by Sir George Brown (to whom I am very gready 
indebted for the kind and unfailing aid ho has given me in oheoking 
and supervising the results of every as extoaordinary, and 

the specimens preserved will show to what an extent these organs were 
affected. 

Two ittiliimlw alone remainod unaffected, and tiiese were found quite 
fMS from tubercle when killed at the end of five months from the date 

2 N 2 
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of the cominenceinent of tho exponmont I can oi\ly attribute this 
immunity to a very high degree of natura] resistance which at times is 
met with in all experimental animals, and which we are compelled to 
allow for. 

Eighteen animals were born during tbe course of the experiment, at 
intervals of 4, 5, 9, and 13 weeks, all of whose parents Riibscquontly 
were found to bo tuberculous These were kille<l and examined at 
intervals, and m not one of them was there evidence of tnhcrciilosis 
It would therefore be not unreasonable to suppose that, although 
desiccation foi a peiiod of fourteen <Uys proved inbufTioent to destroy, 
under these conditions, the virulence of the sputum, yet this was 
accomplished at some point between this and four weeks What this 
point IS, a further experiment on similar lines when sufhciont sunlight 
is available, will bo necessary to elucidate I propose to carry this out 
in the early summer of next year 


“ Effect of Exposure to Liquid Air upon the Vitality and Viru¬ 
lence of the Bacillus Tuberculosis.” By H Swithinbank 
Communicated by Sir .Tamis Ciuciiton Brownf, FKS 
Eeceived June 11,—^Eead June 20, 1901. 

A senes of oxpenments earned out early in the year 1900 with 
the object of testing the effect of the tom|)orature of liquid an upon 
ibo vitality and virulenco of the bacillus tuberculosis produced results 
which, although in complete accord as far as the question of vitality 
was ooncernod with those arrived at by Piofossor Macfadyen in the 
carefully planned expenments reported to the Koyal Society on the 
Ist February and the 5th Apnl, 1900, raised some doubt in my mind 
as to whether the abnormally low temperature, continued for a 
lengthened penod, might not have some modifying effect upon the 
virulence of the organism I decided therefore, in the month of 
January of this year, to put the question to the test of an experi¬ 
ment which I hoped would be conclusive 
The questions to be solved appeared to me to be— 

L Whethor exposure for varying periods to the temperature of 
liquid air had any effect upon the vitality of the bacillus tulierouloBis. 
2. Whether such exposure in any way modified its vinilence. 

3« Whether time was a factor in the question, 

4. Whether, as is the case at the higher end of the thermometeie 
scale, successive alternations of temperature had any special effect* 

5 Whether actual contact* with liquid air, if obtainable, produced 
any special results^ 

• Th« word "eontaot" & used throughout, but it is doubtful idiotlisr sotual 
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The experiments, which wore earned out in duplicate, lasted over 
ft period of five mouths, and I am greatly indebted to Dr. Debrand, 
of the Pasteur Institute, not only for his general supervision of the 
experimental animals, but also for his kindness in making the 
autopsy of one complete senes as a control 

A siieciftl strain of tuherclc, isolated from a human cervical gland, 
vas used for tho purpose of inoculations Sub-cultures of this were 
made upon potato, and tho nithtgt from those was used throughout 
the whole senos of experiments This was enclosed in specially 
made tubes, and submitted to the influence of liquid air as follows* —r 
Tubes A Six hours continuous exposure to liquid air, without 
contact 

Tubes B Twelve horns’ exposure, ivitliout contact 
Tulles C Twenty-four hours' exposure, without contact 
Tubes I) Twenty-four hours’ exposure wtih (mtaei, the tubes 
remaining filled with liquid air during the whole period. 

Tubes E Poity-eight hours’ exposure, without contact 
Tubes F One hundred and forty-four hours’ exposure, without 
contact 

Tubes G One week’s exposure, without contact 
Tubes II Six weeks’ exposure, without contact 
Tubes K Six weeks* exposure with eonUirt^ the tubes remaining 
filled with liquid air during the whole period 

To test the question of successive altoi nations of temperature — 
Tubes L Six alternate exposuies of one hour each during twelve 
hours to the temperature of liquid air and that of 15 C 
Tubes M Three alternate exposures as above, followed by six 
hours continuous exposure to liquid air 
Tubes 0 Controls 

The effect of the above treatment, judged by the result of the 
subcutaneous inoculation of the guinou-pig with an emulsion made 
from the contents of one of each senes of the above tubes, will be 
shown by the following table Thirty .uiimals m all were inoculated, 
and J c c of the emulsion was used m each case 

Tho question of vitality was tested by making sub-cultures from 
the tubes after exposure With the exception of those tubes exposed 
to alternations of temperature, no difficulty was found in obtaining a 
luxunant grow^th 

eontaet u powible Given that a cell ooutaine a largo proportion of water, it i» 
quMftionable whether tho adiniMion of liquid air to tho tube oontaiumg the 
orgSBiima would not give rue to the imniediate formation around each individual 
oftll of a thin ooating of ioe which would effeotualljr protect the cell oontente from 
eaaj siwciflo notion the liquid air might poi^ibtjr liave upon them 
* The tetnpenture of liquid air may be taken at C, the ootual tempemi 

tore to whioh the organiame were exposed as ^186° 0 
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Besiilts of Subcutaneous Inoculation into the Uuinea-pig of ^ c c. of 
an Emulsion in Broth of Contents of Tulios troaterl as above 


Tubes 

Trent* 

ment 

Animal 
died or 
killed 

After 

Precis of mortem results 

1 

A. 

Six boars 
witliout 
ooiittict 

killed 

ICO days 

Tubertulnr Veep inguinal glands much 
enlarged and caseous Ijiver enor 
inously enlarged and studded with 
well.murked tuborotes Spleen much 
enlarged and crowded with tubercle 
Peri bronchial glands enlarged and 
calcareous MesenUrie glands en¬ 
larged, and m some oases caseating 
Tubercle bacilli found 

JB 

Twelve 

hours 

without 

contact 

killed 

100 da} s 

Tubercular Qlands of left intpiinal 
ii^gion much eular^d and HUed with 
(liscouB mutter Liver congested and 
permeated throughout with minute 
tubercles S]deen ditto Baretubei* 
cl( s in lung structure Pen bronchial 
glands enlarged, hard, and in serme 
cuMt*« caseating Tubercle baoilli 

found 

0 

Twenty 

four 

hcnirs 

without 

c*ontact 

died 

95 days 

Tubercular Deep inguinal glands en¬ 
ormously enlarged and caseous Liver 
hypertroithiod and full of tubercle 
Spleen enormously enlarged and 
crowdeil witli tubercles Lungs a 
mass of minute tubercles Tubercle 
bacilli found 

D 

Twonty- 
j four 
houi B 
wtik 
tact 

kiUed 

lOOdays 

i 

i 

j 

Tubercular In lott mguinal region on 
enlarged gland the sise of a pea, hard 
and mlcd with caseous matter Betro- 
peritoneal glands enlarged and onseous 
Liver St added with tubercles Gland 
at lulus of liver the sise of small hari¬ 
cot and filled with cheesy pus Spleen 
of normal sue, but studaed with mi 
nute tubercles Pen bronchial glands 
enlarged Lungs studded with minute 
tubercles Tubercle bacilli found 

S 

Forty 

eight 

hours 

without 

ooutuct 

1 

1 

killed 

100 days 

Tubercular Subcutaneous abscess at 
seat of inoculation Inguinal glands 
slightly enlarged Jitver conmited, 
patchy, and crowded with iubeinle 
Spleen neriticatod with minute tuber- 
oles Caseating nodule on hilus of 
liver Lungs eorered with tubercu¬ 
lous pat<obea Large caseating nodule 
on superior surface of thorax Pen 
bronobtnl glands enlarged and caieatr 
mg Tubercle bacilli found. 

If 

144 houn 

died 

78days 

Tubercular Inguinal glands anor^ 
mously enlarged and easMting. Jafet 
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Tubes 

Treat¬ 

ment 

Animal 
died or 
killed 

After 

Precis of post moHem results 





studded throughout with innumerablo 
luberelts Spletu enormous, and 
(rammed with tubercle bauUi Lungs 
one mass of tubercle 

a 

One week 
without 
con tu( t 

died 

l>7day« 

Tubercular Much emaciated G-roup 
of liard calcareous glands in nght m- 
guiiial region Ditto in left Betro- 
pentoneai glands enlarged, liard, and 
ealcaroous Liver studded with mi¬ 
nute tubercles Lungs a mass of mili¬ 
ary tubercle Pen-bronchial glands 
niuth enlargi^d Mesenteric glands 

enlarged and caseatmg Tuberole 

bacilli found 

H 

J&ort) two 

without 
rout act 

died 

94 days 

Tuben ular * Inguinal glands enlarged, 
hard and calcareous Ketro penton- 
cal glands ditto Lncr much enlarged 
and markedly tuberculous Spleen 
onorinously enlarged and crowded 
With tubercles the sue of a mil lot seed 
Lungs crowded with tubercles ranging 
in sue from ilial of a small pm s head 
to that of u mustard seed In sub- 
inaaillar} region a group of sis en¬ 
larged glands the sue ot a lioriooC, 
together with several smaller ones, all 
hard and calcareous Hesenterio 
glands enlarged, but not so seriously 
i affected as other organs luboiolo 
bacilli found 

K ! 

Forty-two 

IiiUgi.1 ' 

1 

1 

\ 

1 

1 

1 

94 days 

Tubercular * At seat of inoculation a 

1 

ebjB 
ttufA co»* 
t€tct 

largo oascating nodule the sire of a 
ImriLot Liver enormously enlarged, 
friable, ami pornioutod throughout 
with minute tubercles Spleen much, 
enlarged and (rauimed with minute 
t uberclcH J^iings crowded with tuber¬ 
cles ranging in sise from tliot ot a millet 
seed to that ot a gram of noo Pen 
bronchial glands enlarged and cuscat- 
ing Mesenteric glands but slightly 
affected Tuberole baodli found 

L 

Altornato 

DXJHlHUrt 

as above 
to room 
tempera 
ture and 
eztremo 
cold 

killed 

i 

100 days 

Animal very well nourished and in ex* 
oellcnt condition A small oalcareous 
nodule at seat ot inoculation Spleen 
shghtly enlarged A few minute 
tul^rcles in lung structure, but rare 
Pen bronchial glands slightly en* 
larged Tuberole bacilli found, but 
with difBeulty 


* Tbe enuiliionuied fov inoculation of theae two animals was of much gvoater 
dsnnty vban that employed in other oaees. 






fiO^ Eject of Ejspomre to Li^d Air upon B, Tuberculosis, 
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xnotii 

Ammal 
died or 
killed 

After 

TreoiB of post mort 0 m roBults 

M 

Alteniate 
exposuro 
os above 
to room 
tempera 
ture and 
extreme 
cold 

1 

killed 

lOOdajs 

i 

No endonce of tubert le found in animal 
of Enghsb senes In that of Krenc h 
serios a few mniuto tubenloB were 
found lu lung struotnre 


The control animals (inoculated fiom Tubes 0) died aftei a penod 
of 42, 54, 56, and 63 days, respectively, the autopsy of these showing 
marked tuberculosis, affecting almost every oigan of the bo<ly 'Hie 
senes of animals, of which the autopsy was made fit the Pasteur 
Institute, gave results in every way corroborative of those detailed 
above 

It should be noted 1 That the control animals succumbed to the 
disease at a much earliei date than those inoculated with the exposed 
material, seven of these latter being still living on the 100th day from 
the commencement of the experiment The sole exoeiition to this is 
gmnea-pig IS G, inoculated with matenal exposed for one week, which 
died on the thirty-third day 

2, That the time of exposure appeared to make no difference, the 
animals inoculated with matenal exposed for forty-two days showing 
at death tubercidous lesions as pronounced as those lu which the 
matenal was exposed for tlie shortest penod 

3 That no difference could lie traced in the virulence of the 
material exposed to contact with liquid air 

4 That in animals inoculated with material which had been 
subjected to alternate exposures, it was difficult to find evidence of 
tubercle It was only after very careful seaich that some small 
tuberculous lesions could be discovered 

To sum up the results of the experiment, it would appear then— 

1. That simple exposure to the tempoiature of liquid air has little 
or no effect upon the bacillus tuberculosis as far as vitality is 
concenied 

2. That Its virulence is to some degree modified, but not destroyed, 
by such exposure, even if it be continued for a lengthened penocL 

3 That length of exposure is not a factor in the question. 

4 That actual immersion in liquid air has no special effect upon 
the organism, nor does it produce results in any way differing from 
simple exposure to the temperature obtomed by it. 

5. That successive alternations of extreme cold and normal tern* 
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peraturo have a decidedly destructive effect upon the vitality and 
viiiilenco of the ojganihm 

I am very gieatly indebted to Professor Dewar, F R S, not only 
for a constaut supph of liquid air, but also for many valuable sug¬ 
gestions given mo fhirjng the course of the experiment, and my 
cordial thanks aie <1 ik* to Dr Roux and the ofhcials of the Pasteur 
Institute for the f uilities gl^on me at that Institution for carrying out 
the necessar}’’ iiiocnlations 


‘*Ou the llehavioiu nf 0\j-Imnoglobin, Carbonic-oxide-haemo- 
globm, Metha luogjobin, and ceitain of then Donvatives, in 
the Mugnetu bicM, with a Prebimimiy Note on the Elec¬ 
trolysis of Ibe Haemoglobin Compounds’* Py AuTHUtt 
GAMaaL, Ml), FJIS, Eiueiitus I^iofessor of Physiology in 
the Owens C(»Ue‘j;e, Vic toria University Received and Read, 
June 20, 1901 

1 Tlu> Ohmvaiums of Foioduy uml Vlwher on th Ihamognchc rroperhes 

of tfu* Blml 

In the course of his ln^ estigntions on magnetism and diamagnetism, 
road befoie tho Ro^ul Society m the yoai 1645, Faraday* found that, 
notwithstanding the non which its colouring mater contains, the 
blood IS a diamagnetic liquid “ I was much impressod/* he remarked, 
by the fact that blood was not magnetic, nor any of the specimens 
tried of rod mustul.ii fil»ro of liecf or mutton This was the more 
striking, because, as \ulll)o seen horeaftur, iron is oIvhvj'^ and m almost 
all states magnetic Put in respect to this point it may bo observed 
that tho ordinary magnetic property oi matter and this now property 
are in their efforts opposed to each other, and that w hen this pro¬ 
perty is strong it nmy overcome a very slight degroo of ordinary 
magnetic force, just as also a certiun amount of magnetic property 
may oppose and eife( tmilly hide the presence of this force ” t Faraday 
further found tho blood to bohavo bko all the constituent tissues of 
animal bodies which ho investigated, and was led to state that “ if a 
man could be suspended ivith sufficient delicacy, after the manner of 
Dufay, and placed in the magnetic field, ho would i>oiiit equatonally, 

* ** On Kew Magnetio Actions and on the Magnotio Condition of oti Matter,*’ 
<Fhil 1846, ptui 1 

t Faraday’s * Fxpenmoutal Besearohes in Elootnoity/ vol 8 (1845), p 36, 
para 8886 
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for all the siibstaiices of which ho is formed, including the blood, 
possess this property ” * 

De la Biveand Brunner,f later, suspending a bound-up frog between 
the poles of an electro-magnet, observed it to assume an equatorial 
position, thus realising Faraday’s prediction that a complex animal 
organism must be diamagnetic in accordance with the pi opertios of its 
constituent tissues un<I of the water which enters so largely into their 
composition 

Shortly after the publication of Faiaday’s researches on dia¬ 
magnetism, Professor Plucker,{ of Bonn, in a \\ell-known paper, which 
appeared in 1848, after describing the churuclenstic behaviour of 
magnetic and diamagnetic liquids con tamed tn Match-glasses placed 
upon and between the poles of powerful oleitiomagnets, ga\6 the 
results of his observations on the diamagnetic pioperties of the blood 
He not only confirmed, b^ experimenting on the blood of the frog, of 
man, and of the ox, the accuracy of Faraday’s statements, but, by 
employing the microscope m his obse^^ ations, he uas able to show 
that the blood corpuscles are moio strongly diamagnetic than the 
liquid 111 M Inch they float ^ 

2 Objects of the Ihescni Ivn 4'*fjuhoii 

At a time when all facts bearing on the physical properties and the 
chemical lelations and structure of the blood-colounng matter are 
nghtly claiming the attention of many of the loading workers in 
physiological chemistry, it appo<ired to me very desiiable to examine 
the magnetic pioperties of the crystallino blood-colounng matter itself, 
m the condition of utmost available pmity, and, whatever tlie results 
might be, to extend the inquiry to its leading iron-containing deriva¬ 
tives 

* Fsradaj'B * Eaporimental Bosearches in Electricity/ rol 8, p 86 (2281) 
t De la Kire and Brunner's rosearohes are only known to me at second hand 
from the account gtreu of them m Valentin's 'Orundriss der Pbysiologie’ 
(4 Auflage, 1856, p 5U7), wliere an engraving is reproduced in which a bound up 
frog IS shown placed between the polos ol an electro niugnet 
t Hucker,' Experiuiontelle Uutorsuohungen hber dio Wirkung der Magnete auf 
gasfCrmige uud txnpfbaro ElUssigkeiten ’ Hefer to the heading “ITber das 
magnetisohe und diamagnetische Yerhalteii der tropfbarfidssigon K5rper/' in * Pog- 
gendorfi’s Annalen der Phystk und Cheiuie/ vol 78,1848 p 676, para 49 
§ In 1874, Dr R 0 Shetlle, lu a paper road before the Royal SometT C ^7 
fioo Proo / vol 23,1876, pp 116»120), gave the results of exponxnents winch 
had led him to the conclusion that arterial blood is paramagnetic as compared 
with roDOus blood, which is duixuagnetic, the assoiued difference in magnetsc 
behaviour being explained by the author as due to the paramagnetic properties of 
the oxygen absorbed by venous blood In referenoe to these statements, the only 
observation which X have to make, on the basis of my own work, u that they are 
entuely erroneous 
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Althoiigh Faraday bad shown that the blood is diamaguotic, and 
Plucker that the blood corpuscles are more decidedly diamagnetic than 
the liquid in which tlicy float, it was yot conceivable, though improba¬ 
ble, that the iron-contauung hsemoglobin would prove to be a feebly 
inagnefcie body, of which the true magnetic behavioui was concealed by 
the substances with which it is associated in the blood corpuscles 
Whether hicmogiobin proied to be magnetic oi diciraagnetic, it 
obviously would be of great interest to examine the magnetic pro¬ 
perties of the iron-contiuning substances which (he blood-colounng 
matter yields when it is docom|)oBGd by acids in the piesenee of 
oxygen, and in the event of a difference between the magnetic beha¬ 
viour of the n)othei-sul)8tf«icc and its derivatives, to push the inquiry 
111 a direction likely to lead to the discovery of the cause of the 
discrepancy In puismuicc of such an object I ha\e been led to inquire 
iihether the pure blood-colounng matter in iiqueous solution is an 
electrolyte, and baling discovered that it is one, to examine the results 
of its electrolysis On this part of my inquiiy the statoiuentB which I 
have to make in this paper are stiictly preliminary ami, except in the 
first most interobting paiticuUr that oxy-lucmoglobm and CO-haomo- 
globm sepaiato in the flist instance iimhai^ged fiom then aqueous 
solutions when these are subjected to very feeble cm rents, are to be 
considered lUi liable to correction by futuio more extended work 


d TliP Eli t U ihhiitgiiei mnph^fal iii tJu pie'^r nf Ik^pn /1 k 

m 

The electro-magnet employed was constructed bj’^ Ladd many years 
Ago, and IS sufficiently |K>neiful to lie eraplovcd foi observations on 
the lotation of the plane of polansatioii of light I Inwl it fitted with 
an accurately dosing glass case and with adequate anaagements for 
the proper suspension of the bodies under ox*imiiiatioa 1 am not 
possessed of instruments which would enable me to determine directly 
the strength of the magnetic field employed in iny several sets of 
exponmonts The Hev i\ J Jervis-Snutli, F It S, Milbird Lecturer 
in Experimental Mechanics in the Unneisity of Oxford, to whom I 
had the pleasure of showing my expenmeuts, had the great kindness 
to make careful measurements of the coils, and has practically recon¬ 
structed HI) electro-mugiiet similar in duncnsions to mine, with the 
same windings, and of which the iron core denvcMl from a similar 
instrument, matlo by Ladd, was prolwbly identical m properties to 
that m my electro-magnet Using Profossoi Rowland's method for 
determining the held, ho obtained the following results — 

Intensity of the earth’s horizontal magnetic com|K)nont at Oxford 
-018 

Distance between faces of pole pieces, 3 cm 
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I Currant in Amperes 

I 


Magnetic Field 
m 0 C S units 


i 

I 


2 4 

3 8 

4 2 


516 

7(K) 

870 


Proluibly it ik safe as an approximate estimate to assume that my 
field was about 1000 C G S units with a current of 5 amperes 

All the fundamental expoi imonts on the magnetic properties of oxy- 
hsemoglobin, 00*htemoglobui, and metha^moglobin were made by 
suspending cakes of the dried crystalline bodies hy means of one or a 
few fibres of silk between the poles, thus avoiding the disturbing influ¬ 
ence of glass tubes, however feebly magnetic In the case of heemm 
the substance i^vus sinulaily examined, in the first instance, by suspend¬ 
ing as far as possible rectangular cakes formed by the aggregation of 
microscopic crystals In the case of hsBmatui, the substance, being in 
an amorphous pulverulent condition, was necessanly examined in glass 
tubes, but Its intensely magnetic properties prevented in its case, as in 
that of hseimn, any difficulties arising from the very feebly magnetic 
properties of the glass tube containing it. 


4 Ojcij-Iumoglobtn a strongly Ihamgnehc Body* 

The oxy-ha3moglobin employed m the present rcseaich was prepared 
by myself dunrig the past winter from the blood of the horse by 
employing subsUintially the method of Hoppe-Seyler In some cases 
the blood coqiuscles were sepaiatod from the dofibnnated blood by 
long continued centnfugahsing, generally, however, the dofibnnated 
blood was mixed with ten times its volume of a mixture made by 
diluting 10 volumes of satuiated NaCl solution with 90 volumes of 
distilled i^ater, and the corpuscles were then separated by means of the 
(ontnfuge 

In either case, the magma of corpuscles was treated with a small 
qumitity of distilled water and pure other, and the mixture having 
been thoroughly agitated m a stoppered separating funnel, the aqueous 
solution of the hlood-colounng matter was separated and filtered into 
flasks Burrouudod with ice, and subsequently treated with one-fourth of 
Its volume of pure absolute alcohol at a temperature of - 6* C, and 
the mixture placed in an loe chamber for twenty-four or tbirty-six 
hours ITie oxy-h(emoglobm which crystalhsed was separated from its 
mother-hquor by means of the centrifuge The crystalline mass waa 
repeatedly washed with distilled water at 0^ C, and the washed 
crystals treated with distilled water at 30** 0. ^ the saturated solution 
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was rapidly contnfngalised, rapidly filtered into flasks surrounded by 
ice and salt, and tbe hserooglobin caused to rrystalliso by the addition 
of absolute alcohol under the prolongetl influence of cold After being 
orystalhsod three times, the oxy-hsBmoglobiii was collected on filters, 
and the moist mass of microscopic crystals di allied The pasty crys¬ 
talline mass was dned tri wtno over sulphuric acid at a temperature 
which never exceeded Ty" C 

Ikhainour tn fhr Maf/mln luld —An irregulir mass of thioo times 
crystallised oxy hicmoi^lobin dried tn ivnw, weighing 1 088 grammes, 
and measuring 18 mm m length, 13 mm in depth, and 13 mm in 
breadth, was suspended by a tonj»le of fibres of unspun silk between 
the polos of the magnet, the distance between these being 20 nim , the 
mass was made to lost, in the axial position befoie the current w^as 
passed through the coils 

Throe cells of an accumulator were employed, on closing the key 
the mass of hajimoglobin instantly assumed the equatorial position. 
The expciiment w*i9 repeated with masses of hamoglobin prepared at 
vanons times, and recrystiillised from one to three times, and weighing 
from 0 5 to 3 grammes, and invariably the^r w'eie found to bo jxiwor- 
fully diamagnetic 

A specimen of ovy-lncmoglobin of the horse, kindly picparcd for me 
under the direction of Professor Hofmoister in the Chemico Physio¬ 
logical Laboratory of the Umveisity of Strasburg, by the ammonium- 
sulphate method, and which had been five times crystallised, proved to 
bo as powerfully diamagnetic as the oxy hajmoglubin prepared by 
mjaolf by Hoppe-Sejler's method 

6 Carhonir-oxide^Jimnoglohmts^ lik^ Ojryduemghhn^ sUo^igly 
Dtanmgnehr 

Mode of Prepauition carbonic oxide-htemoglobin employed was 

prepared by saturating a concentrated solution of twice ciystallised 
oxy-hiemoglobiii with pure CO, and then crystallising the CO com¬ 
pound by the addition of absolute alcohol and exposure to a tempera¬ 
ture of - 5*—10“ C 

Behamour tn tlie Magnehc Ftdd —A nearly rectangular pnsmatic mass 
of CO-h8emoglobui which had been dried tn mnw^ and which weighed 
0 642 gramme, and of which the length was 17 mm, the breadth 
65 mm., and the depth 13 mm, was brought into the axial position 
between the poles of the electro-magnet, the distance between these 
being 18 mm On passing the current from three cells of an acoumu- 
ktor through the coils of the electro-magnet the mass instantly 
assumed the equatonal position The esponment was repeated with 
different specimens of 00-haamoglobin, and invanably with the same 
residt 
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In tho absence of all data as to the diamagnetic moment of either 
Oxy- or CO*hffimoglobin, it la impoaaible to state whether these bodies 
differ in any degico in respect to their lieha^ioiir in tho magnetic hold 
Working carefully but merely qualitatively, it would appear, however, 
that their behaviour in the magnetic field is identical 


6 MeiMirwgUhn is, hie Ory-hmaotjlvhn}^ d'lmghf LhamagnHvc 

The sulistancc m as prepared by adding to a saturated solution of 
twice crystallised oxy-htemoglobin of tho horse a few drops of solution 
of ferncyanide of potassium until the (haractenstic change in colour 
and in the siioctrum indicated the complete conversion into methiemo* 
globin The solution was cooled to - 0“ C , treated with one fourth 
of its volume of absolute alcohol at *- 10 C, and tho mixture placed 
m ICO and salt for a period of thirtj-six hours The ciystalhne 
mothsemoglobin which soiiarated was then washed with repeated 
quantities of ice-cold water, collected on a filtei, drained, and dned m 
vamo at a temperature not exceeding f)"* C Experiments with lumps of 
this substance varying in weight between 0 3 and I 0 gramme showed 
It to be apjiarently as diamagnetic as oxy-hscmoglobm 

7 Jlimatm and Jcethfvnm (Iftmm) tntemehj Magnetic SuhsUinm, 

Pi i himnai y Itemarl s 

The more recent analysis of Jaquot, Zinoffsky, and Hufnor have led 
to the conclusion that, at any rate in the horse, the dog, the ox, and 
the hen, there exists a remarkable constancy in tlio proportion of the 
iron which exists in haemoglobin (0 335 per cent.) * If it bo assumed 
that 1 molecule of haemoglobin contains 1 atom of iron, the molecular 
weight of the haemoglobin of the dog, the horse, the ox, and the hen 
would be 16,669, a result which concords admirably with the volume of 
oxygen and carbonic oxide which can enter int'O combination with 
haemoglobin on tho assumption (first of all advanced by Lothar Meyer) 
that 1 molecule of heemogiobin can combine either with 1 molecule of 
oxygon or of carbonic oxide The empnical formula for the haemo¬ 
globin of tho dog calculated by Jaquet from his analyses is pi*obably 
very near tho truth, namely, CrwHiaoBNiwSaFeOaie 

should haemoglobin possess so enormously high a molecular 
weight ? The question suggested itself to Bunge, who has furnished 
us with a reason which is eminently suggestive ** The enormous suse 
of the haemoglobin molecule,” says this wnter, “ finds a teleological 
explanation, if we consider that iron is eight times as heavy as water. 


* For A diiouNioD of oil the more reoenfe s&slyns of hmaaglohin, see my 
iftiole on ** U«moglohm" in BohKfer'e' Text-book of Phjeiology,* p 190, of 
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A compound of iron, which would float easily along with the blood 
(urrent through the veesels, could only bo secured by the iron beuig 
taken up by so large an organic molecule 
When oxy-biemoglobin is subjected to the action of acids and alkalies 
It splits up with great ease into a coloured iron-containing body and 
into an albuminous liod\ (or mixtuie of such bodies) The former, to 
which the name of Hiematin has been given, is a derivative of the 
moleculai group evisting in the blood-colourmg matter, upon which its 
colour, its spectroscopic characters, and its physiological properties 
doubtless deptmd, tlwiiqh it a denmhvr which ts urique^honahly a 
jnrmluci of ondahoH^ md %n no scim repie^enU the rml hrniochmnioqen. 
According to Hop])e-Scyler, the ompiric.il forniuLi of hajmatin is 
Cs^Hs ,0&N iFe, whilst atooiding to Nencki its composition is repre¬ 
sented ]>^ the foi inula C 3 „JIjjO^N 4 Fe 

When the deioinposition of oxy-hiemoglobin is effected by glacial 
acetic acid m the presence of alkaline chloudea, a perfectly crystalline 
substance sej>aratefl, which has boon hitherto known under the name 
of hwmiVj but which wo shall now, following the suggestion of Nonoki, 
i&naacetlMtmn This bod^r was looked upon oy Hoppc-Seyler as a 
hydrochloride of ha^matin, the recent researches of Nencki and 
Zaloski have shown that acothaemiti eontains 8 59 of iron, and possesses 
a composition repiesentecl by the formula C 34 H 8 <i 04 N 4 ClFe, it con¬ 
tains an acetjl gioup, and both the acetyl and chlorine in it are 
linked to the iron When this body is dissolved in weak solutions of 
sodium hydrate in the cold, the chlorine and acetyl are separated, and 
on neutralisation with acids, hiematin of composition C 32 U 3204 N 4 Fe is 
obtained It is with these two coloured iron-containing decomposition 
products of himnoglobui, hficmatm and acethaomin, that my observations 
have been earned out Before referring to these m detail, I wish again 
to insist that these oxidation-products in no sense represent the un¬ 
altered iron-coiitaniing group to which the blood-colouring matter owes 
Its physiological properties As Hoppe-Seylci showed, when hspmo- 
globin IS decomposed by acids and alkalies %n the absence of all traces of 
os^gen, heematin is never formed, but a colounng matter which pos¬ 
sesses the same spectrum as that which had previously been described 
by Stokes as that of reduced htematin. 

This substance Hoppe-Seyler called haemochromogen, and he ex¬ 
pressed the opinion that it constitutes the ventable coloured radical 
upon which the physiological properties of haemoglobin depend. The 
experimental facts advanced by Hoppe-Seyler have always appeared to 
me absolutely inadequate to warrant this hypothesis, which, however, 
18 most suggestive, and demands a thorough and a new investigation. 
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A. Magnetic Propertm of At efhmnm 

The acethwmin employed in the present research was prepared hy 
me from ox's blood by the method of Schalfijeu Some of the speci¬ 
mens were piinfied by rocrystalhsation from acetic acid, others 

by dissolving in a chloroformie solution of ])iiie (piinine, and subso- 
quontly adding to tho filtrate hot glacial acetic acirl, saturated with 
NaCl* 

My first obser ations were made with a blot k of agglomerated hcemin 
crystals weighing 0 645#5 gramme, and measuring J6 mm in greatest 
length, 18 mm in height, and 6 mm in thn kness this block Wiis 
suspended }>y two fibres of silk, so as to occupy the cMjuatonal position 
in refeioucc to the polo pieces of the magnet The distance between 
the poles being 30 mm , on passing <i curient fiom three accumulate 
cells through tho coils, the mass instantly a‘«sume<l tho axial position, 
and was strongly attracted to the neaiest pule, the suspending silk 
fibres being sensibly deflected from their original vertical position 
Even when tho poles of the electro-magnet wete 40 mm apart, tho 
mass instantly set in an axial position Mhen tho ciuient was passed 
Tho observations were repeated with iiumeioiia sjiccimens of heemin, 
and always witli similar results 

B Magnetic Properkes of Ha wnfio 

Tho ha matin employed in these rescaiclics was prepared by dis¬ 
solving recrystallisod and perfectly pure <icotha*mm m a weak solution 
of chemically pure sodium hydrate at oidmary temperatuies, and 
piecipjtating the filtered solution without delay by neutrahsmg with 
dilute sulphuric acid The precipitated htomatin was thoroughly 
washed, diained, and dried In consequence of its absolutely amor¬ 
phous pulverulent character, my magnetic ol^sorvations on this body 
were conducted with the aid of fculies of very feebly magnetic glass, 
containing from 0 1 to 0 4 of pure hsematin The intensely magneUc 
charactei of homiatm was as easily demonstrated as had been that of 
acothsemin 

8 Prehminanj Ohsmatum on (he Electrolysis of Solaium of Pure Oxy- 
hcenwgldbin and COdiivinoglohn 

The remarkably definite results of my research, Mhich hod shown 
that Oxy- and CO-htemoglobm are decidedly diamagnetic substances, 
whilst their iron-contaimng derivatives, acotluemin and hsematm, are 

* Bofer to previously quoted article in ScbSfer'i * Test book of Physiology,* 
and to Nenoki and if^alaski's recent article “ Untersuchungen Cber den BLtttfarbstolT. 
1. TTeber die Aether des HSmius,*' *Zeittohnft fUr Physiologtsohe Cbouio,’ 
Tol do, 1900, p 804, 6i tsg 
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powerfully magnetic, naturally led me to speculate on the possible 
cause of those differences It appeared to me that if hsemoglobin were 
found to be an electrolyte, apart from the interest which would attach 
to the discovery of the fact, a study of the products of its electrolysis 
might throw gre^it light upon the question Do wo not know, for 
instance, that those compounds in which iron i^|id other magnetic 
metals are present in olectrcMiogativo radicals aie diMnmgnotic 

In spite of my having made gieat eflbrts to punfy as completely as 
possible the substances with which I worked, it is quefi>;ioii<iblo whether 
their punty was sufficient for elec tiolytic researches The experi¬ 
ments which I ha^e yet niiulo on this division of my subject must 
thoroforo be looked upon as stiictly ptcliminar}, and I hope in the 
course of the comuig winter to extend them gioatlj^ making use of 
compounds of haemoglobin which 1ut\e Ijcon subjected to far more 
frequent recrystalhsation In the course of tbeso experiments, beside 
studj^ing the proximate products of electrolysis with cut rents of dif¬ 
ferent stiength and jiotential, 1 intend to determine by the methods 
of Kohliausch and ()stwald, with as great .iccuracy as possible, the 
specihc toiiductnities of solutions of Oxv and CO-hiemoglobm 
The following aio the rosulte of niy eloctiolytit experiments which 
I wish at present to place on record — 

Firstly When solutums of jnue ox}'-lnfinoglobin arc subjected to elec¬ 
trolysis at a iempet ature of about 16’' C bctvi een platinum clocti odea, 
from twelve to sixteen cells of a ciicbon zinc bichromate battery being 
employed, and the current jiassnig through the liquid being fiom 3 to 
5 milliampores, a rapid subsidence of the colouring matter takes place, 
the upper layers of the solution becoming perfectly colourless The 
depositing colounng matter retains the spectroscopic charactei of oxy- 
hjcmoglobin, and when stirred with it is absolutely and almost 
instantaneously soluble in the liquid from wduch it has separated 
Exactly the same lesult ocouis in the case of caibonic-oxide-hromo- 
globith 

iSecondly On continuing the passage of the current through the 
solution in which precipitation has occuired, secondary reactions 
occur, gas is developed both at the anode and cathode, and in many 
cases u dirty whito-brown deposit forms at the cathode 

Thirdly Under conditions of strength of current and potential 
which were not determined with sufficient accuracy, and which I have 
not yet been able to ropioduce at will, the solutions of oxy-heemo- 
glolnu and CO-hcemoglobin have, under the long continued a«fl;ion of 
the current, on several occasions deposited at the anode an insoluble 

• W Allen Miller, ^ The Elements of Chemistry ’ Port I, ** Oheraiotil Physics/* 
p,4AS, IiondoD, 1S65, H du Bois, *Propn^t4s msgn^tiquei de la mati&re pen* 
MtMe, Bapports pr^t^s au Congrts International de Physique r^unis k Pans 
«n 1600/ Pans, 1801, Toms II, p. 460 
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rad colouring matter containing both the albuminouH and the iron-con* 
taming residues of hemoglobin In the case of GO-heaTnoe:]obm the 
comiwurid deposited has presented the peculiar colour of COhromo- 
globin 

Gntei al (^onrlastm 

The following are the conclusions to which I have been led bj my 
experiments — 

1 The blood-colouTing matter, oxy-hamoglobin, as well as carbonic- 
oxide hflemoglobm <ind methamoglobin, arc decidedly diamagnetic 
bodies 

2 The iron-containing dcrivatucs Inenifitm <m(l aeotha^min ate 
powerfully magnetic bodies The difterorices in magnetic behaviour 
between the blood-colouting matter and acethfemin and hecmatin point 
to the profound transfoi rnation which occurs in the ha*moglobin 
molecule when it is decomposed in the presence of oxygen 

3 The preliminary study of the oloctiolysis of oxy-hajmoglobju and 
CO-bsemoglobin renders it probable that, in the blood-colounng matter, 
the iioii-contciimng group, on which its physiological properties depend, 
18 (or is contained in) an oloctro-negatn e radical accoiding to aiudogy, 
the non in such a compound would possess diamagnetic and not 
magnetic piopertios 

In conduflion, T beg to acknowledge my indebtedness to Professor 
von Bunge, of Basel, to Professor Fran/ Hofmeister, of Stiassburg, 
and to Di \ Ehronberg, the technical director of the chemical factory 
of Messrs Merck, of Darmstadt, for their great courtesy and kindness 
ui placing at my disposal preparations of hncmoglobin prepared by 
themsehes or under thoir direction I have further to add that I 
reserve to myself the light of continmng without delay the researches, 
of which the hrst results are contained in this paper 


“On tlie Resistance and Electromotive Forces of the Electiic 
Aic” By W Dcddbll, Whitworth Scholar Communicated 
by Professor W. E. Aykton, FES Received and Read 
June 20.1901, 

(Abstract) 

The discrimination between resistances and electromotive forces lu 
conductors, or apparatus, in which both of these quantities are funotiohe 
of the current is considered, and it is pointed out that whether such 
an apiiaratus may be said to possess a resistant, or an E M.P, or both, 
depends to a laxge extent on the natuie of the defimtion of thesO^ 
quautitaes, and a definition of these quantities is adopted. 
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SUctroniotvoc Forces of the Eltotno Arc 

Hhe ossentiul stipulation is made that whatever mcane be used to 
measure the resistance and E M F’s of the are, the conditions of the 
arc must not Iw in any way changed by the test. It is considered that 
the main phonomomi of the arc depend on the exact thermal conditions 
of its different pirta, and on the distribution of the heated gaseous 
and other particles, so that it is necessary to maintain these constant 
during the test This loads to the condition that not only must the 
testing ennent used bo very small, but also that the tost must be 
completed in an exceedingly slioit time aftei applying the same 

As illustrating liou very shoi t a time may bo allowed to elapse, it 
was found that an appi ecialde change m the thermal conditions of an 
arc had taken place in 1/10,000 second after changing the arc current 
b} as little as 3 per cent 


Ihsiot tful 

A bnef histonuil lesnnu is given showing that pievious experi¬ 
menters haAc not succeeded in meusunng the tiue resistance and back 
£ M F of the arc, due to their not having icahsed the importance of 
completing the test ]»ofore the conditions of the arc have had time to 
bo altered by the tebting cun cut 

Those methods, similar to the Kohlr.iusch method of*measuring the 
resistance of an eicctiolyte, m which an altoinatmg testing current is 
superposed on the direct cunent, such as tbit employed by Messrs 
Frith and Rodgers, who found that what they mctisured as the resist¬ 
ance of the arc had in some cases a negative value, are shown to have 
failed owing to the frequency of the alternating testing current not 
lieing high enough Tins frequency should be, instoiwl of a few 
bundled peiiocls jKjr second, as used by pievious observers, many 
thousand periods per second, in oidei that the conditions of the arc 
may not %ary, and the tine resistance may bo obtained 

PrehmmiTy ExiHUitmenie 

In the preliminary experiments the oscillatory discharge of a con¬ 
denser was superposed on the main direct curieut through the arc, and 
was used as the toating current, the wavo-foims of the superposed 
oscillatory P D and current being recorded by means of an oscillo¬ 
graph. If the arc bcbived as a noii-mductivo resistance, the waves of 
P.D, and current should bo similar curves, and in phase This is found 
to be the cose with frequencies up to 5000 penods per second. 
The author concludes from those exponmonts that, each increase made ui 
the froquency of the superposed alternating testing current has led to 
the arc conditions being less alfected by it, and, in consequence, to the 
arc behaving more and more like an ordinary non-inductive resistancCf 
and therefore that much higher frequencies are required to obtain the 

2 0 2 
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tnie rMiiBtance In fact, froquenmos up to 120,000 periods per second 
were finally used Owing to experimental difficulties in employing 
the above method with much higher frequencies, a fresh method was 
adopted 

Bam of Method adopted 

An apparatus A is considered which has resistance and £ M F, but 
no self-induction, or capacity, and thiough which a steady current is 
flowing There is mixed with the steady cm rent an alternating testing 
current It is shown that, if the appaiatus A possess a true icsistance, 
and if the frequeiicy of the testing < urrent be such that the mulvtwm 
of the apparatus are not tn any imitf rhauqcd hy then the resistance of A 
will bo a constant over the luuge of variation of the ciuTont, and 
equal to the impedance of A to the supierposcd alternating current 

A cntei ion that the apparatus A has a constant i osistancu is that the 
powei factor of A with respect to the iilttriiating testing cm rent must 
be unity It is concluded that in order to prove that the arc has a 
true resistance and to find its value it is nocossaiy to show —First that 
It 18 possible to find a value of the frequency of the testing current for 
which the jiower factor of the arc with respect to this current is unity, 
second, that the power factor remains unity and the impedance con¬ 
stant, even when the frequency is greatly increased above this \aIuo, 
thirdly, to determine the value of the impedance of the arc under 
these conditions, which will be its tnio resistance 

MeOiod of Meamnng the Impedanre ami Bovxr FneU^r 

Owing to the high frequency of the testing curiont finally used, vis, 
120,000 periods per second, it was difficult to devise a satisfactory 
method of measunng the impedance, and power factor, wattmeters and 
dynamomotci'B could not be used, as at those high frequencies their 
windings lichavod more like insulators than conductors, owing to their 
self-mduction The method finally adopted was the well-known throe 
voltmeter method, for which three pieces of special apparatus were 
used— 

(1) An alternator to produce the high frequency currents 

(2) A now measunng instrument called n ** Thermo-golvanometer ’* to 
measure the three voltages 

(3) A standard resistance with which the impedance of the arc was 
compared, which had a time constant of only 2*7 x 10’^ second 

The High Frequency Altermior 

The alternator is of the inductor type , it was belt dnven from two 
discs by means of a figure of 8 dnve, each disc being separately belted 
to the source of power so as to balance, as far as possible, the puU on 
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the alternator Bpmdle due to the drivitig 1>elt The speed of the 
altematoi was 35,400 revolutions per minute, and the highest fre¬ 
quency 120,000 periods per second To give an idea of how very high 
this ftequency is, it is muntiuned that if a frequency of 100 periods per 
second l>e represented l>y 10 inches, a very ordinary scale in plotting 
curves, then the squaied paper that nould be required to plot the curve 
between mipodanco and frequency for the solid arc, which extends over 
the range from 250 to 120,000 poiiods per second, i^ould bo 1,000 feet, 
or about l/5th nnff' long 

It was found th.it the spindle alone of the altei nator without the 
inductor could bo driven at 60,000 ievolutions pei minute, oi 1,000 
revolutions per second 

A table of high fro(pienc> alternators shows that this alternator gives 
a frequent} sg\ en or eight times as high as the highest value piovioudy 
attained 


Th Thn nuj-ifalmmmetn 

The principle of this new iiisti ament consists in causing the cunent 
to l>o ineasuied to flow tJirough a ^e^y fine wiio, the heat radiated by 
the wire being nicwisui cd hy a modified Boys* radio-micrometer The 
instiument is piactnally non inductive, and may be used equally well 
for direct oi alternating curionts The actual instrument used has a 
resistance of about 18 ohms, <iii(I gives a deflection of 500 scale divi¬ 
sions at a scale distance of 2000 divisions (1 scale division « l/40th 
inch) foi a cunent of about 9 x 10*^ ampere 

Telephone and microphono currents can bo easily measured with this 
instrument 


Ef'vtlis OOfinmf hi Vmpnq the Freqvency 

This, the fundamental investigation of this communication, consists 
in varying the frequency of the superposed ^dternuting testing current 
to see whethei, at a sufticieiitly high frequency, the conditions of the 
arc remain constant The cntoiion that the conditions of the arc 
remain unchanged has been sho^n to be that the jKiwct factor, as 
measured with the superposed alternating cuiTont, is unity Under 
these circumstances the true resistance will be equal to the impedance 
It IB experimentally found by aufficiontly increasing the frequency, 
that the power factor apptoximates asymptotically to + 1, and that 
for the highest frequencies used, it is + 1 to within the limits of 
experimental eiror, therefore at these frequencies the variations of the 
P.D. and cuiTent obey Ohm’s law, and the impedance of the arc is 
eqtud to its true resistance 

With Bohcl carbons the power factor at 250 periods per second is 
- 0*91, on increasing the frequency it decreases numerically until it 
vanishes at 1950 penods per second, with further increase of frequency 
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the power factor incrcaeeB rapidly at first, then more slowly becoming 
asymptotic to + 1, and finally piacticaUy attains this value at 90,000 
penods per second, above this frequency the power factoi is within 
the limits of expenmontal error + 1 up to the highest fiequency used, 
VIZ, 120,000 iKJriods per second The impedance of the seltd arc 
increases with increase of frequency fiom 0 97 ohm at 250 periods per 
second to 3 8 ohm at 90,000 peiiods per second, above Mhich it remains 
practically constant Thr fntf rt'mftwre of the attne 3 nuti hmq 
between 11 inm AoluJ Conntdti/ ((nhon\ and ihiout/h vhph a 

mnenl «/ 9 91 ampeie^ t? es fomd to //< 3 81 nhm^ 

The PI) nccourited foi by ohmic diop is therefoie 37 8 volts out 
of an observed PD aic of 49 8 \olt8, so that fhm apptuf^ to he a leal 
hark E M F oppo’^imj the flow of the nn}nit^ tti this an of 12 /W/jt 

With Wild carbons the power factoi at 250 penods per second is 
+ 0 67, and it increases until it is practically + 1 at 15,000 penods 
per second, and remains unity within the limits of ex])erimcntal error 
up to the highest frequency tried of 60,000 pei lods per bccorid, the 
impedance becoming practically constant as with solid carbons The 
true remta7U4i of the above are 3 w/o Imaj hetwetn 11 mm rmid “ Conradty 
Nortfi'* carbons, and though which a nmnit of 10 ampne^) n flomng, ts 
found to be 2 64 ohm and the hark E M F 16 9 volts 

The fact that the solid arc has, at low frequencies, a negatne power 
factor, indicates that the arc is supplying power to the alternator 
this IS shown to bo the case by means of a waitmetei This is not, 
of course, at variance with the principle of conservation of energy, 
OB the alternating energy given out by the arc is derived from the 
direct current energy supplied to it This fact that the solid arc is 
capiblo of transforming, under suitable conditions, direct current into 
alternating current is the basis of the Musical Arc ” recently shown 
for the first time, at the Institution of Electrical Engineers 


Effect of Vaiijmg the Ihiect Cunent 

Having found that it is possible to measure the true resistance and 
back E M F of the aic, the effect of changing the direct current, the 
arc having a constant length of 3 mm, is examined 
The resistance of both the soM and the cored arcs is found to 
increase with decrease of the current through the arc, apparently 
tending to become infinite for current 0 
The back E M F of the sohd arc first decreases with increase of 
current and then increases again, having a miiumum value of 11*3 volts 
at about 6 amperes With cored carbons the back £ M F. increases 
with mcrease of current from 12 2 volts at 1 ampere to 18 5 volts at 
20*8 amperes The high P.D *8 required to maintain small current 
arcs are shown to be due to the high resistance of these arcs 
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The connection lietween the resistance % and the current A for the 
arc, length 3 mm between 11 mm, **Conradty Nona” carbons, 
can be approximately expi eased ovei the range 1 5 to 20 ampoiOB by 

(/ + 0 25) A « J9 

For the arc, length 3 mm between the same size and make of 
carbons, and o'ver the lange 1 5 to 11 amperes, the relation is 


Kjhil oj Vittynuf ih’ Air 

The direct cuireiit thtough the arc being kept constant, the change 
in resistance and back £ M F due to change of arc length is oxttmmed 
It IB found that both for ^ohd and for mid arcs increasing the length 
increases the resistance, the curves between losistance and length 
being very similar t/O those l>etweeii P T) aic .ind length This latter 
curve is geiieiully assumed to be a straight line for nohd arcs, but 
such miA not the case (net the wide range of length, 1 to 30 mm, used 
for these experiments 

Jiffiii of Vanpng tfie uVutuie of Urn Eled^mlea 

Both the iesi6Un(c and the back EMF are found to depend 
greatly on the compoBitioii of the electrodes, thus simply soaking a 
pan of solid cailxms in potassium carbonate, reduced the lesistance of 
the arc between them from 3 to 2 92 ohms, and increaseil its >>ack 
EMF from 12 volts to 15 6 volts, the arc length and direct current 
being kept constant similar results were produced by introducing other 
impuntios The authoi is of the opinion th.it the resistance of an are 
between peifectlg imhm electrodes would bo very high, so high 
that it might be im|K>ssible to maintain a true arc, and that traces 
of impurities arc essential to proMdo the carriers of the electne 
charges in the vapour column 

Smi of ty Bark E M 1\ 

In ordei to determine whether the back EMF and resistance are 
localised at the electrodes, or are distributed along the vapour column, 
a search carbon was introduced into an arc 6 mm, long between 
eohd “CJonradty None” carbons, 11 mm diameter, current 9 91 amperes. 
The impedance to the high frequency testing current, of that part of 
the arc between the search carbon and each of the mom carbons, was 
measured for three diffeient positions of the search carbon. From 
tftiese tests it is deduced that the resistance of the above arc, as a 
whole, consistB of three parts—a resistance at or near the contact of 
the p08tti\e electrode and the vapour column of about 1 61 ohms, the 
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FesiBtance of the vapour column, about 2*5 ohms, and a resistance at 
or near the contact between the vapour column and the negative 
electrode of about 1 18 ohms 

The back E M F consists of two parts located at or near the 
contact lietween the olectrodos and the vapour column That at the 
posdirp electrode, about 17 volts, «the flow of the da oct cun ent 
while that at the n^qatm electrode, about C volts, help^ the flow of the 
direct current, i c, is a/^w mud E M F 

Vowlmum 

The authot considers that the now facts given in the paper assist m 
formulating a coiisistont explanation of the resistance and back E M F 
of the arc* The values found for the resistance of the vapour coluinii 
and for the contacts bet\>een it and the electrodes offer no serious 
difficulties The greater part of the two E M F’s are considoi ed as 
being most probably due to thermo-electric foices, and experiments 
in support of this view are descnliod, in which it was found 
possible to obtain a V D of 0 6 volt by unequally heating two »ol%d 
caibon electrodes with a blow-pipe flame, the voltmeter indicating 
that the hotter carbon was positne to the cooler By using coad 
carbons and adding potassium salts, this PI) was increased to 1 5 udts. 
It 18 pointed out that the diffetences of tempoiaturo existing in the 
arc must lie many times as great as those which it is possible to 
produce with the blow pipe, as the coolei electrode must be red 
hot, or else it does not seem to make contact with the surrounding 
flame 

On the of an Kleciiolyte 

In meosunng the resistance of an elcctrol 3 rto by the Kohlrausch 
method, it 18 often assumed that the errors due to polarisation are 
avoided if the frequency of the alternating or interrupted current used, 
18 as high as a few hundred periods per second To uivostigate the 
accuracy of this assumption the arc was replaced by a cell containmg sul¬ 
phuric acid, density 1 20 (temperature 20" C), os the electrolyte, and its 
impedance and power factor tested exactly the same way as those of 
the arc It is found with this tell that it was not until the frequency 
exceeded 10,000 periods per second that the electrolyte behaved as a 
noii-mductive resistance, and the errors due to the polarisation were 
avoided* If the resistance of this cell were tested in the ordinary 
way at a frequency of 100 periods per m<mi^ the value obtained wotdd 
be over twice its true resistance* It is concluded liiat unless ofier 
methods are adopted to eliminate the effects of polarisation, %t not 
be ammed that the use of alternating currents of ordmarg J^egnenctee of 
a few hundred periods per second^ ehmmaks the pombdity of errors due to 
p^neatum. 
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Livemg (O' 11) and Doarar (J) On the Separation of the Least Volatile Oases of 
Atmospheric Air, and thour Spectra, 3B0 

LoekT'er (Sir H ) Total Eclipse of the Sun, January 22 , 189S Observations al 
Vuxadrug Part The Pnsmatio Cameras, 6 , The New Star m Perseus 
«»Prehminary Note, 119, Further Observations on No\a Perset, 142, Further 
Observations on Nova Persei, No 2, 230 , Further Observations on Nova 
Persei, No 3, 809 , Total V clipse of the Bun, Kav 2S, 1900 An ouiit of the 
Observations made at Santa Poln, SpBiii, 404 

—- and PaxandHll (F F ) On the Enhanced Lines in the Spectrum of the 
Ohromosphero, 178 , on the Arc Spectrum of Vanadium, 189 

Lookyer (W J S) The Solar Activity, 1S38--19U0. 286 

Logical class frequencies, coiuisteuce of, and its geomctneal representation 
(kule), 118 

Xo/tts arabtcu»i poison of (Hunstan and Henry), 374 

Love (A L H ) The Integration of the Equations of Propagulion of Eloclno 
Waves, 19 


Maodonald (H M) elected, 820 
MacGregor (J G ) admitted, 262 

Magnetic hysteresis, nieaeuremeiit of (Searle and Bedford), 348 

Magnetism in iron, growth of, under alternating magnetic force (SS ilson), 218 

MoUook (A ) Vibrations of Bide Barrels, 327 

Manometer, a new (Aayleigh), 92 

Mansergh (J ) eleot^, 820, admitted, 860 

Mawhall (F H A ) Prehminary Communioafejon on the CKstrous pycle and the 
Formation of the Corpus Luteum in the Sheep, 185 
Martin (C J) elected, 326 

—^ Thermal Adjustment and Bespiratory Exchange in Mouotrenies and Marsu 
puds, 352 

Matthey (Bdw) On the PrepoEation of Large Quantities of Tellurtum, 161. 
Meeting of Janiury 17,1901,1, February 7,14, February 14, 56, February 21,. 
78 1 Februaiy 28,115| Marsh 7,124, March 14,146j March 21 and 28,170, 
May 2 , 248, May 9, 261, May 28, 262 , June 6 , 326,327, Juno 20 , 866 . 
Meetings suspended in consequeiioe of death of Her Majesty Queen Yiotona, 14 
Moore (Benj ) and Parker (W H ) On the Functions of the Bile as a Solvent, 64.^ 
Morgan (0 Lloyd) Studies m Visual Sensation, 459 

Mott (F W) and Halliburtoti (W D ) Tlie Chemistry of Nervo-degenerationr 
149 

Muscle, glycolytic ezuyme in (Brunton and Bliodes), 823 

National Physical Laboratory, Beport on Observatory Department for the Yew 
ending Deoembe/ 81,1900, 421 
Nebula, Spherical, Stability of (Jeans), 454 
Nerve<^generation, Chemistry of (Mott and Halliburton), 149 * 

NaWUe(FH) SeeHeycookandNeviBs 
New Star in Perseus (Lockyar), 119,142,280,899 
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Ifitoio lund solutions* physioal properties of (Vel^ %nd Kanl^), 128 
Kora Porsn (LorVyer), 110,142, 280, 809. 

•CEstrous cycle, corpus lutoiim and ovulation m the sheep (Marshall), 135 
Oph\og}oB9im^ prothallus of (Lang), 405 

OneutatiOTi of Gri^ek temples, some additional notes on (Penrose), 112 
Osone, influence of, on btiotona (Hansome and Foulerton), 55 

Papers read, Lists of, 1,16, 56, 78.116,126,14C, 170, 248, 263, 827, 387 
Parker (AV H ) 8ee Moore and Parker 

Pearson (X } Mathomaticel Ooiitributions to the Theory of Evolution IX On 
the Principle of Ho»iotji>osi8 and it« Belation to Heivvlity, to the TariabiZity 
of Uie Individual, and to that of tho Kata PaH I Homotyposxs in the 
Vegetable Xingdom, 1. on tlie Mafliematical Tlieorj of Errors of Judgment, 
‘vrith Special Beferenoo to the Peisonal Equation, 369, Mathomatical Oontn* 
hutfoDs to the Theory ol Kioliitioti X Supplement to a Memoir on Skew 
Variation, 372 

Pelvic plexus m Acanihta* t ulgarxg (Punnett), 140 

Penrose (F C) Some Additional Notes on tlio Ornmtation of Glieck Temples, 
being the Besuh of a Journey to Orocco and Sicily in April and Maj, 1900, 
112 

Petavcl (J E ) On the Ileal dissipated by a Platinum Surface at High Tempera¬ 
tures Part IV High prossun* Oases, 346 
Phillips (C E 6) The dctioii of Magnetised Electrodes upon Electrical Bit* 
charge Phenomena m Karcflcd Gases, 147 
Photographic imago, sanation m gradation with light of difTcrent wave lengths 
(Abney), 800 

Platinum surface, heat dissipated b>, at lugh temperatures (Peiavel), 246 
Proteid Beaction of Adtunkiewics (Hopkins and Cole), 21 
ProthalU of Ophwqiontampendutlnm^ Ac (Lang), 405 
Pseudooonitme and jupacouitinc, xdiuruiacology of (Cash and Bunstan), 378 
prothallus of (Lang), 406 

Punnett (B C) On tho Composition and Variations of tho Pelvic Plexus m 
Atanth'ioft vufgarts^ 140 

Pyraootutino and raothylbensncomne, pharmacology of (Cash and Buuston), 384. 

Bomage (H ) See Hartley and Ramsge 

(Arthur) and Eouierton (AGE) On the Influence of Ozone on tho 
Vitality of some Patliugcnic and other Bacteria, 65 
Bayleigli (Lord) On a New Manometer, and on the Law of the Pressure of Gases 
between 1 5 end 0*01 MiUmietres of Meroury, 92 
Eespiratory exchange and thonnal adjustment in Monotremes, do (Martin), 352 
Ehodes (Herbert) See Bruaton and fihodes 
Barrels, Vibrations of (Mallook), 827 

Eogers (Leonard) The Tronsmissioaof tlio l^panoaoma Svanst by Horse hliM, 
and other Exponxnents pointing to the Probable Identity of Surra of India 
and Nagana or Tsetse fly Disease of Africa, 163 
Boss (Bcmald) elected, 826, admitted, 360. 

^hoh (W) elected, 826, admitted, 866. 

Bohimck (C A) The Yellow Colouring Matters aoeompanying OhlorophyU and 
their Speotrofoopio Belations, Part II» 474 
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Soott; (PH) On the Strooture and Affinities of Fossil Plants from the pBlmutolcr 
Eochs IV The Seed like Fruotifloation of Lepidomrpont a Gknus of Lyco- 
podiaceous Cones from the Carboniferous Formation, 117 
Searle (G* F C) and Bedford (1. G ) The Measurement of Magnetic Hysteresis, 
348. 

Seeds, estimation of vitality of, by electrical method (Waller), 79 

Selenates of Senes H.M(SeO4)2,0H9O, cryitallographical study of (Tutton), 322 

Sensation, Visual, Studies m (Morgan), 4oi) 

Seward (A C ) and Pale (E ) On the Structure and Aflluil ica of Vtpierit, w ith 
Notes on the Geological History of the Diptondinm, 373 
SiUoon, spark sptelrum of, in siluaUs (Hartley), lOH 
Skin currents of Frog (Waller), 480 
Smitholls (A ) elected, 320, admitted, 3611 
Soil, si^clhng of, (nuscd by dampness (Parwin), 253 
Solar ActintT 1833-1000 (Lockyrr), 285 

Steele (BP) The Meusimmiciit of Ionic Velocities ju Aiiueous Solution, and 
the Exiatoiu e of Complex Ions, 358 

Strutt (R J ) On the Conductirity of Gases under the Berquerol Bays, 120 
Sun-spots, secular xieriod of {Lo< kycr), 285 

Surra disease and 1 seise fl) disease, xirobable identiiv of (Rogers), 1G3 
Bwithinbank (Harold) Virulonoe of Pesiocated Tiibert iilat Sputum, 405^ Effect 
of Exposure to Liquid Air upon the Vitality and Virluonce of the Bacillus 
Tubeiciilosis, 498 

Tellunum, i)rex>aration in largo quantities (Matthoy), 161 
Temperature, nadir of, and allied problems (Powar), 3G0 
Temples, GreoK, orientation of (Penrose), 112 
Thermometers, gas, of liolium, hydrogen, Ac (Powar), 44. 

Thomas (M R Oldfield) elected, 32b | admitted, 360 
Trout, aiialouiy of double nionstrosilios m (Getmuill), 129 
TrypanMoma, relation to surra disease (Rogers), 163 
Tsetse flv disease, [irobablc identity with Indian surra (Rogers), 103 
Tubercular sputum, \iTuJence of desiccated (Swithmbank), 405 
Tumor (H H) On the Brightness of the Corona of January 22, 1898 Pro' 
Iiminary 36 

Tutton (A, K ) A Comparstive CrystallograpUical Study of tlie Pouble Selenates 
of the Senes R:M(Se 04 )], 6 Ha 0 —Salts in which M is Magnesium, 822 

Vanadium, Arc Spectrum of (Lookyer and Baxondall), 189 
Veley (V H) end Manley (J J) Some Physical Proportios of Nitno Aeid 
Solutions, 328 

Vision, quantitative relation of stimulus and sensation in (Morgan), 459 
Visutd phenomena, negative after-images, Ac, (Bidwell), 262. 

Walker (GW) On the Application of the Xinetio Theory of Gases to the- 
Electric, Magnetic, and Optical Properties of Piatomio Gases, 77 
Waller (A I)) An Attempt to Estimate the Vitality of Seeds by an Eleotneal 
Method, 79, On Skm Currenti Pari I The Frog's Skin, 480 
Warren (E ) A Preliminary Account of the Povelopment of the Fsee-swimmuig 
Kaupllutt of Lfptodora hpaUna (Lillj )• 210 
Woteon (WiUtarii) elected 826} admitted, 860. 

Wheat soils, phosphoMO acid and potash contents of (Dyer), XI 
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Whethftiu (W OB) eloctod, 326 1 admitted^ 860 
Wilioti (C T £) On tho lomsation of Atmo«phorio Air, 151 
‘WiIbou (Ernest) Tho Orowth of Magnetism in Iron under Altemating Magnetic 
Fort e, S18 

Wilson (H A) On tho Eloctnoal Conductmtj of Air and Salt Vapours, 228 
Wooduard (d Smith) elected, 326 

XauthophyUs, their epoctroscopic relations (Schunck), 474 

** Yeast,” a Ooniugatmg (Barker), 345 

Yule (O ) Oil the Theory of Consietemc of Logical Class frequonnies and its 
Geottu/rual Hi jin»«o«tation, 118 
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